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INORGANIC BLOOD PHOSPHORUS LEVELS NECESSARY FOR 
SATISFACTORY PRODUCTION OF RANGE CATTLE 
IN THE SOUTHWEST! 


W. E. Warxins anp J. H. Knox 
New Mexico Agricultural Experiment Station? 


IGESTION trials, Watkins (1933); forage analyses, Watkins (1937, 
D 1943); blood analyses, Knox, Benner and Watkins (1941, 1946); and 
mineral feeding experiments have shown the range grasses of New Mexico 
to be low in phosphorus. Only in certain areas, however, is the deficiency 
severe enough to cause -creeps. 

The calcium and inorganic phosphorus content of blood of cattle have 
been studied for several years as a measure of the adequacy of the diet in 
these minerals. Palmer and Eckles (1927) in this country, and Green and 
DuToit (1927) of South Africa, reported work demonstrating that the blood 
of cattle suffering from phosphorus deficiency is very low in inorganic phos- 
phorus. Henderson and Weakly (1930) and Huffman and co-workers (1933) 
report that a low concentration of inorganic phosphorus in the blood is an 
indication of a ration inadequate in this element. Black and co-workers (1943) 
state that it was possible to diagnose aphorphorosis by blood analysis before 
actual physical symptoms of this condition appeared. Palmer, Cunningham 
and Eckles (1930) have presented data showing the normal variations in the 
inorganic phosphorus of the blood plasma of dairy cattle including the pre- 
cautions to be followed to keep these variations at a minimum. Haag and 
Jones (1935) found a normal decline with age of the inorganic phosphorus 
of the plasma and an average value for dairy cows four years of age of ap- 
proximately 5.2 mg. per 100 ml. Stanley (1938) reports that blood phosphorus 
levels consistently below 5 mg. per 100 ml. of blood serum are usually a 
definite indication of a lack of available phosphorus in the feed. Maynard 
(1947) in commenting on the inorganic phosphorus of the blood plasma of 
livestock says, “In health its level generally lies between 4 and 9 mg. per 
100 ml. depending upon the age and species.” It is difficult to evaluate some 
data because of the uncertainty as to the data representing whole blood, 
serum, or blood plasma. 

After attempts to increase the amount of phosphorus intakes of cattle 
on New Mexico ranges by mineral feeding, it became evident that the calcu- 
lated consumption seldom reached the usual standards. The calf crop per- 
centage, weights of cows and the weaning weights of calves indicate that 


1 Published with approval of the Director of the New Mexico Agricultural Experiment Station. Contribution 
No. 46. 


2 Department of Animal Husbandry, State College, New Mexico. 
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the usual statement of phosphorus requirements may be higher than that 
necessary for range cattle in this area. The calculated phosphorus intakes 
including the amount from mineral supplements and also the inorganic 
blood plasma phosphorus are low when compared to these standards. How- 
ever, with usual mineral feeding practices there seems to be as near maxi- 
mum production of beef as could be expected with the existing amount of 
protein and energy in the range forage. It appears that the phosphorus in 
the natural herbage must be utilized efficiently by the animals. It is sug- 
gested that a high percentage of days with bright sunshine, and the cor- 
responding ultra-violet radiation may result in more efficient utilization than 
in areas where phosphorus requirements have been reported to be higher. 

These conclusions are the result of two series of experiments. The first 
was to determine when and to what degree a phosphorus deficiency in the 
range forage existed as well as to compare the inorganic phosphorus content 
of blood plasma of mineral fed cattle with those receiving no mineral supple- 
ment. The second compared the value of seasonal feeding of mineral supple- 
ment to that of continuous feeding. 


Description of Area 

In the semidesert region of southern New Mexico with its 9 inches of 
rainfall, conditions are much different from those in many grazing areas. The 
peak of the growing season usually occurs during July, August, and Sep- 
tember when the forage is of great value to the cow suckling a calf. The 
principal grasses are black grama (Bouteloua eriopoda) and sand dropseed 
(Sporobolus flexuosus). There is a considerable tobosa grass (Hilaria mutica) 
and a small amount of three-awn grass (Aristida spp.). Palatable browse con- 
sists mostly of Yucca elata blooms and seed pods, mesquite beans and cha- 
miza (Atriplex canescens) which furnish a comparatively small amount of 
nutritious feed. 

During the mild winters some of the grasses retain enough of their feed- 
ing value, including carotene, to contribute much toward the maintenance of 
the dry cow, which lose very little weight on the average up to calving 
time. With average winter moisture conditions, annual plants which are 
rich in protein, calcium, phosphorus and carotene appear on the ranges dur- 
ing February and March. The appearance of this nutritious feed some time 
before calving begins is well timed and extremely valuable, as is reflected 
by the poor condition of the cows when this forage fails to appear. 


Data and Discussion 
First Experiment 
Procedure. In the first series of experiments two pastures were selected 
and each was stocked for three consecutive years with ten five-year-old grade 








Boop PuospHorus Levets oF RANGE CATTLE 265 


Hereford cows and calves, two dry cows, and two yearling steers. The pas- 
tures were similar in topography, size, and forage composition. The prin- 
cipal grasses were black grama and sand dropseed. 

One group known as the “mineral lot” had access to a mixture of 40-per- 
cent dicalcium phosphate and 6o-percent salt and the other group known as 
the “non-mineral lot” had only salt. The feeding of dicalcium phosphate 
mixed with salt provided an average of 2.5 to 3 grams of phosphorus per day 
for each cow in the mineral lot. A portable battery-powered centrifuge was 
used to prepare the blood samples which were secured every 28 days. The 
suggestions given by Cunningham and co-workers (1930) as to care in bleed- 
ing and sampling were very carefully followed. Detailed plans are given in a 
former work by Knox, Benner and Watkins (1941). 

Forage samples were gathered in each pasture on the day before blood 
samples were taken. Ten portable hurdles enclosing plots 10 feet square were 
located in the areas most likely to be grazed in each pasture. By comparing 
measurements of forage inside and outside of the hurdle plots, the degree of 
grazing of the particular species of grass was estimated. 

Results and Discussion. From analyses of the forage, it was found that 
only rarely did the monthly average phosphorus content of the principal 
grasses reach the percentage of .113 which is considered necessary by this 
station (Watkins, 1937) for range cows in this area. The miscellaneous 
grasses, annual weeds, and browse were higher in phosphorus and remedied 
this condition somewhat so that the total of the various forages consumed 
contained close to this station’s theoretical minimum for the period from 
March to November, but fell much below it during the winter months. 
From blood analyses, the theoretical minimum for this area may be said to 
be approximately 3 mg. of inorganic phosphorus of the blood plasma per 
100 ml., which is considered less than suggested by many other workers 
who use a standard of 4 mg. of inorganic phosphorus as a guide. 

The forage phosphorus was found to be in fairly close agreement with the 
inorganic blood plasma phosphorus taken on the same dates. Knox and co- 
workers (1941) found a correlation coefficient of .61 + .06 betwecn the cal- 
culated forage phosphorus intake of the non-mineral cows and inorganic 
phosphorus of the blood plasma. This is believed to be high, especially 
when the indirect method of measuring the forage is considered. The data 
on the inorganic phosphorus content of the blood plasma for both lots 
covering 43 periods of 28 days each are presented in figure 1. 

Perhaps the most striking observation from the data is the generally low 
phosphorus levels throughout. This is true of the mineral lot and even more 
so in the lot which received no dicalcium phosphate. The analysis of variance 
shows that the data from the different years are very different. In 1938 the 
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Figure 1. Inorganic phosphorus of the blood of lactating cows (43 months). 
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mineral fed cows were on the average significantly higher in inorganic phos- 
phorus blood plasma than those receiving no mineral supplement. This was 
not true the next year. On the average the dry cows were not significantly 
higher in plasma phosphorus than the lactating cows. At times, however, 
they were significantly higher, for example, during April and May of 1939. 

Dry and lactating cows differed in the way they responded to mineral 
feeding in 1938. The feeding of the mineral supplement to lactating cows 
prevented much of a drop in plasma phosphorus during the critical period 
of the late winter and early spring months. The dry cows did not fall much 
at this time whether or not mineral supplements were fed. 

It is commonly accepted that the inorganic phosphorus of the blood 
plasma of mature cows should not fall below 4 mg. per 100 ml. of plasma. 
Yet, in the mineral lot, levels below this point were observed much of the 
time and on occasions the low level of 2 mg. were reached. The calculated* 
phosphorus intake varied from about 7 to 16 grams a day with an average 
daily intake of less than 12 grams for the mineral fed cows. The blood phos- 
phorus of the mineral fed cows was low from March to July in 1939 when 
rainfall was low and annual plants and weeds were sparse. The low blood 
phosphorus values for April, May and June, 1940 were largely the result 
of mineral consumption of approximately 50 percent of normal. 

The excellent appearance of the mineral fed cows and their high level 
of production, however, led the authors to doubt that 4 mg. of inorganic 
phosphorus per 100 ml. of blood plasma represents the minimum level con- 
sistent with good health and production in mature range cows for this re- 
gion. The average weight of calves weaned from the mineral lot for the three 
years was 470 pounds at an average age of a little less than 7 months and the 
average for the non-mineral lot was 434 pounds. Little difference was noted 
in the weights of the cows which were mature at the beginning of the ex- 
periment. The difference which seemed most likely to approach significance 
was an average loss of 19 pounds for the cows in the non-mineral lot which 
raised calves every year, and only 2 pounds average loss in weight for similar 
mineral fed cattle. 


Second Experiment 


Procedures. The results of this work led to the question of whether satis- 
factory results could be obtained by supplying a phosphorus and calcium 
supplement only during the critical period when grasses are most deficient 
in these minerals. 


3 A system of sampling forage was used in which the approximate percentage of important grasses, miscellaneous 
grasses, weeds, and browse as grazed by the cattle was arrived at. This utilization procedure involved the use of 
portable hurdles and is described more fully by Knox and associates (1941). 
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The period in which range forage is most critically deficient in phosphorus 
includes the time from about the first of December to approximately the 
first of June. A second project was started in April 1941 to test the plan of 
feeding bone meal throughout the year to cows as against feeding bone meal 
only during this critical period. 

Thirty-two grade Hereford cows from four to six years of age were di- 
vided into two uniform lots according to age, weight and production record. 
The two lots were run in adjacent pastures which were stocked somewhat 
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Figure 2. Average amount of inorganic phosphorus in blood plasma when 
seasonally fed cows received no supplement. 


below their normal capacity. At 28-day intervals the cattle were weighed 
and rotated from one pasture to the other. Equal parts of special steamed 
bone meal and salt were fed according to the plan. A blood sample was 
taken from each cow at the time of weighing. The blood samples were centri- 
fuged on the range, placed on ice, and without delay taken to the laboratory 
for analysis of the inorganic phosphorus. 

Results and Discussion. The average inorganic phosphorus values covering 
the summer periods of four years are presented in the accompanying figure 2. 
Even the lot receiving the mineral supplement was continuously below 
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the level of 4 mg. of inorganic phosphorus per 100 ml. of blood plasma, about 
as much as it was above. The average milligrams of inorganic blood phos- 
phorus in 100 ml. of plasma for cows receiving mineral supplement was 2.92 
from December to April, 2.83 from April to July, and 3.67 from July to 
December. From this it would seem that suckling cows in the continuously 
fed lot received barely enough phosphorus to equal this station’s conserva- 
tive estimate of their minimum needs and considerably less than the amount 
estimated by some other workers. The seasonally fed lot seldom reached the 
desired level of 4 mg. of inorganic phosphorus in 100 ml. of blood plasma, 
and on occasions during the critical winter period, the blood phosphorus 
fell to the dangerously low level of but slightly over 2 mg. per 100 ml. of 
blood plasma. 

The average inorganic blood plasma phosphorus levels for the cows which 
raised calves and were fed minerals continuously were only .32 milligram 
higher than for the seasonally fed cattle which raised calves. While this dif- 
ference in blood phosphorus levels is very little more than the experimental 
error, it may represent an increment over the minimum which may have 
much influence toward the higher percentage of calf crop. 

There was no significant difference in the gains of the lactating cows re- 
ceiving the two different treatments. Perhaps of more interest is the fact 
that of the 13 cows which remained in the continuously fed groups through- 
out the project, 12 had raised calves to weaning age each year. Of the 10 
cows which were in the seasonally fed group throughout the project, only 
four raised calves each year. 

There was no significant difference between the two groups in the num- 
ber of calves born and the weight of calves at weaning. These calves aver- 
aged approximately 432 pounds in live weight at weaning time (202 days). 

The greatest difference was in the number of calves that died. Seven 
calves died in the seasonally fed lot while only two died in the other lot. 
One from each lot died by accident. The annual production per cow (total 
weight of calves weaned divided by the number of cows bred) was 41 pounds 
greater from the cows which received a mineral supplement continuously. 


Growth Curves of Breeding Cows 


The live weights at different ages may give an indication of the growth 
pattern of beef cows in this area and are presented with additional data in 
figure 3. 

Data presented by Lush and co-workers (1930) on the normal growth of 
Texas range cattle is reproduced on figure 3. Moulton and associates (1923) 
give weights of cattle fed for maximum growth but without fattening. The 
weights of New Mexico cattle presented by Knox and Koger (1945) which 
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were provided mineral supplements are obtained with no supplemental 
feeding other than phosphorus and calcium except for a small amount of 
cottonseed cake fed to the calves at weaning time and to the 3-year-old 
heifers while they were calving for the first time. 

The growth of the New Mexico cattle during the first 15 months is more 
rapid than that of the Missouri cattle. The New Mexico weights also are 
higher than the Texas average growth curves for range cattle up to and in- 
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Figure 3. Weight curves of beef cattle. 


cluding 30 months of age. New Mexico experimental cows reach the maxi- 
mum weight and production from 6 to 8 years with the peak being reached 
at 7 years, with an average weight of 1024 pounds. These weights were 
maintained with mineral fed cattle with no supplementary protein except 
for a short period at calving when three years old and with a calf crop of 
approximately go percent. 

The average weights of range breeding cows from this station’s experi- 
mental ranch over a seven-year period for the ages of 3 to 9 inclusive years 
are 908, 952, 983, 1013, 1024, 1017 and 993 pounds respectively. 

The early growth rates of the cows slow down between the ages of 3 and 
6 years, reaching the maximum weight at 7 years. This growth rate com- 
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pares very closely with that found by Brody (1945) for Holstein cows which 
attained 98 percent of their mature weight at 84 months of age. The nutri- 
tional deficiencies other than phosphorus and occasionally protein in this 
area do not appear to be serious if the usual conditions prevail and the usual 
quantity and quality of the winter feed is maintained. 


Summary and Conclusions 


Investigations were conducted to determine time and extent of phos- 
phorus deficiency of southwestern semidesért range forage, to compare the 
inorganic phosphorus content of the blood plasma of mineral fed cattle 
with that of non-mineral fed cattle and to determine whether seasonal feed- 
ing of mineral supplement would maintain a satisfactory inorganic phos- 
phorus content in the blood plasma of breeding cows. 

Breeding cows which have received calcium and phosphorus supplements 
continuously have given good production results and have maintained satis- 
factory body weights. These results were obtained with an average inor- 
ganic blood plasma phosphorus level varying from 2.11 my. during the winter 
to the high of 5.3'7 mg. during the summer and fall months. The mean of all 
analyses including 781 determinations over 69 28-day periods was 3.53 mg. of 
inorganic phosphorus per 100 ml. of blood plasma. 

These analyses along with the calculated phosphorus intake of the cattle 
indicate that these cattle were receiving considerably less phosphorus than 
the widely used standards recommended. The blood phosphorus was defi- 
nitely lower than that which was considered the critical level by most work- 
ers. 

In view of the excellent production results and growth rate exceeding 
that of most standards, it appears extremely doubtful that additional phos- 
phorus would have increased production with the energy and protein pres- 
ent in the range forage. 

Whether additional phosphorus would be beneficial on a higher plane of 
nutrition is not known. 
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A COMPARISON OF STEAMED BONEMEAL AND DEFLUO- 
RINATED SUPERPHOSPHATE AS PHOSPHORUS SUPPLE- 
MENTS FOR FATTENING STEERS! 


C. W. Honeson, R. F. Jonnson, A. C. Wigszk AnD C. W. HickMan? 
Idaho Agricultural Experiment Station 


DEFICIENCY of phosphorus in the rations of fattening steers may 
result in an unthrifty appearance, poor appetite, bone and wood 
chewing, low rates of gain in weight and inefficient utilization of feed. 

Maynard (1933) and Maynard and coworkers (1036) demonstrated that 
fattening rations containing large amounts of sugar beet by-products may be 
deficient in phosphorus. Beeson et al. (1941) found that rations containing 
0.18 percent or more phosphorus, or a daily intake of 2.00 grams of feed 
phosphorus per hundred pounds live weight, fulfilled the phosphorus re- 
quirements of fattening steers. 

The above investigations showed that steamed bonemeal was an efficient, 
economical phosphorus supplement. During the recent war, when the sup- 
ply of bonemeal was not sufficient to meet the demand, other phosphorus 
supplements, such as defluorinated superphosphate, were made available 
for use in animal feeding. The information concerning the feeding value of 
these products is limited. 

As most cattle feeders do not know the exact phosphorus contents of their 
feeds, the development of a convenient free-choice method of feeding min- 
eral supplements is desirable. In some parts of the range area phosphorus 
supplements are dissolved in the drinking water (Tash and Jones, 1947). 
This method was successful in South Africa where the water supply was 
controlled (DuToit and associates, 1939; Bekker, 1932). The drinking water 
for most of the range cattle in Idaho comes from streams, springs, earthen 
reservoirs or wells. The water supply is not controlled to an extent that 
would make practical the feeding of phosphorus supplements in the drink- 
ing water. Therefore, range cattlemen are interested in other methods of 
feeding mineral supplements. 

The present experiment was designed to compare steamed bonemeal and 
defluorinated superphosphate as phosphorus supplements for fattening steers 
when force-fed and when fed free-choice. 


1 Published with the approval of the Director of the Idaho Agricultural Experiment Station as Research Paper 
No. 274. 

2 Departments of Animal Husbandry and Agricultural Chemistry and Caldwell Branch Station. The authors 
gratefully acknowledge the assistance of W. M. Beeson in planning this experiment, E. F. Rinehart in selecting the 
steers and Volney Wallace for making the chemical analyses. 
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Experimental 


Yearling steers were used as experimental animals during two winter 
feeding periods (1945-46 and 1946-47). The animals were divided into six 
lots, consisting of from eight to ten head each. Grade Herefords predomi- 
nated although some grade Angus and a few grade Shorthorns were used the 
first year. The lots each year were comparable from the standpoint of weight, 
type and breed. The cattle used the second year were of higher quality than 
those fed the first year. The steers were weighed individually at 28-day inter- 
vals throughout the experimental period. Blood samples were taken from 
each steer at the start, middle and close of the feeding period and analyzed 
for inorganic phosphorus. The phosphorus content of feeds and mineral 
supplements was determined. The steers were group-fed by lots, and records 
kept of feed and mineral consumption. 

The rations fed are given in table 1. It will be noted that the molasses and 
alfalfa were limited, but the wet beet pulp was fed at libitum. Mineral sup- 
plements were force-fed by sprinkling them on the wet beet pulp. Free- 
choice feeding was accomplished by keeping the minerals in sheltered boxes 
before the animals at all times. During the second year anise and licorice 
were added to the mineral supplements at the rate of one ounce of flavor 
to five pounds of mineral, in an attempt to increase the palatability of the 
supplements. 


Results and Discussion 


The data presented in table 2 show that poorest gains in weight were 
made by the steers on the basal ration, while those force-fed either bone- 
meal or superphosphate made the greatest gains. Intermediate gains were 
made by the steers receiving bonemeal and bonemeal-salt mixtures free- 
choice, but those having free access to superphosphate and superphos- 
phate-salt mixtures gained only a little faster than those on the basal ration. 

From table 3 it can be seen that the phosphorus consumption on the basal 
ration (0.12 percent phosphorus) was low. The steers fed defluorinated 
superphosphate and superphosphate-salt mixtures free-choice consumed a 
ration calculated to contain 0.13 percent phosphorus. Similarly, the animals 
receiving steamed bonemeal and bonemeal-salt mixtures free-choice ate ra- 
tions calculated to contain from 0.14 to 0.15 percent phosphorus. When the 
animals received the minerals force-fed the phosphorus content of ration was 
0.18 percent, the level recommended by Beeson and coworkers (1941). 

When the results of both years in table 3 are averaged, the daily intake 
of phosphorus per hundred pounds of live weight ranged from 1.42 grams for 
the animals fed the basal ration to 2.11 grams for those receiving the mineral 
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TABLE 1. RATIONS USED IN THE STEER FEEDING EXPERIMENT 


























= 1945-46 1946-47 
I | Basal ration consisting of: Same as previous year, except that 4 lb. of 
Beet molasses, 3.77 lb. molasses were fed instead of 3.77 lb. 
Alfalfa hay, 10.0 Ib. 
Wet beet pulp, ad libitum 
Salt, ad libitum 
Water, ad libitum 
II | Basal ration plus 1/10 lb. bonemeal, force- | Same as previous year 
fed 
III | Basal ration plus free access in separate | Same as previous year 
compartments to: 
(a) Bonemeal 
(b) Salt 
(c) Equal parts of bonemeal and salt 
(d) Two parts bonemeal and one part 
salt 
IV | Same as Lot III Basal ration plus free access in separate 
compartments to: 
(a) Bonemeal with anise 
(b) Bonemeal with licorice 
(c) Defluorinated superphosphate with 
anise 
(d) Defluorinated superphosphate with 
licorice 
V | Basal ration plus 1/10 lb. defluorinated | Same as previous year 
superphosphate 
VI | Basal ration plus free access in separate | Same as previous year 





compartments to: 
(a) Defluorinated superphosphate 
(b) Salt 
(c) Equal parts defluorinated super- 
phosphate and salt 
(d) Two parts defluorinated superphos- 
phate and one part salt 








supplements force-fed. The steers given the superphosphate and super- 
phosphate-salt mixtures free-choice consumed 1.49 grams of phosphorus per 
hundred pounds of live weight while those receiving bonemeal and bone- 
meal-salt mixtures free-choice ate 1.71 grams. The addition of anise or licorice 
to the phosphorus supplements did not increase the phosphorus intake. 


The inorganic phosphorus content of the blood plasma was determined by 
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TABLE 2. WEIGHT GAINS OF STEERS FED DIFFERENT PHOSPHORUS 
SUPPLEMENTS BY DIFFERENT METHODS OF FEEDING 





























| | Av. | Av. | Av. | Av. 
Lot | Ration | No. | initial final total daily 
No. | steers} wt., wt., gain, | gain, 
Ibs. Ibs. Ibs. Ibs. 
1945-46 
I | Basal 8 689.4 | 834.3 | 144.9! 1.04 
II | Basal plus bonemeal, force-fed 9 685.7 | 898.0} 212.3] 1.52 
III | Basal plus bonemeal, free-choice 9 687.0 | 859.6} 172.6] 1.23 
IV | Same as Lot III 9 689.1 | 858.5 | 169.4] 1.21 
V | Basal plus superphosphate, force-fed 9 690.0 | 932.2 | 242.2] 1.73- 
VI | Basal plus superphosphate, free-choice | 8 706.3 | 858.3 | 152.0 | 1.09 
1946-47 
I | Basal 9 671.7 | 823.3 | 151.6 | 1.08 
II | Basal plus bonemeal, force-fed 10 674.2 | 942.8 | 268.6 1.92 
III | Basal plus bonemeal, free-choice 9 674.6 | 873.3] 198.7] 1.42 
IV | Basal plus supplements with flavors 9 672.4 | 870.1 | 197.7] 1.41 
V_ | Basal plus superphosphate, force-fed 10 666.8 | 903.5 | 236.7] 1.69 
VI | Basal plus superphosphate, free-choice | 10 671.3 | 856.3 | 185.0] 1.32 




















TABLE 3. PERCENTAGE OF PHOSPHORUS IN RATION, PHOSPHORUS INTAKE 


PER 1co POUNDS LIVE WEIGHT AND EFFECT ON INORGANIC 


PHOSPHORUS LEVELS IN THE BLOOD. (AVERAGE PER STEER) 





a 





























| | Phosphorus in ration | Mg. inorganic phos- 
phorus per 100 ml. 
4 iil | Presses, Gm. daily blood plasma 
lo. | (@ir-dry intake per 
| : lb a : 
| basis) hg : Initial Final 
| | ive wt. 
1945-46 
I | Basal eee eee 5.0 et 
II | Basal plus bonemeal, force-fed 18 2.20 5.6 5.5 
III | Basal plus bonemeal, free-choice 15 | 1.79 5.6 3.6 
IV | Same as Lot III = we eee | 5.5 | 48 
Vv Basal plus superphosphate, forcefed | .18 | 2.10 | $6 | $.4 
VI | Basal plus superphosphate, free-choice a ae ee | ae eae 
1946-47 
I | Basal ae ee 38 | 4.8 3.8 
II | Basal plus bonemeal, force-fed ae | 2.03 5.5 6.6 
III | Basal, plus bonemeal, free-choice 14 | 1.62 ie 4.6 
IV | Basal plus supplements with flavors 14 93 | 9-3 | ge 
V Basal plus superphosphate, force-fed 18 2.10 | 5.6 6.1 
VI Basal plus superphosphate, free-choice | 13 | 2.09 | 9.6 | 4-7 
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the method of Fiske and Subbarow (1925) and the results given in table 3. 
The data indicate that the level of inorganic phosphate in the blood plasma 
is dependent on the amount of phosphorus in the diet. 

The animals consumed larger amounts of the bonemeal-salt mixtures than 
bonemeal alone, when fed the mineral supplements free-choice. Although the 
bonemeal-salt mixtures apparently were more palatable, the animals did not 
eat enough of these mixtures to provide an adequate intake of phosphorus. 
Bekker (1932) states that when cattle are given free access to bonemeal, they 
will consume more than is necessary. 

When fed free-choice, the superphosphate-salt mixtures were eaten in 
larger amounts than superphosphate alone. Less of these supplements was 


TABLE 4. AVERAGE FEED REQUIREMENTS PER 100 LB. GAIN 


























| 
. Molasses,| Alfalfa, | Wet pulp, 
Lot No. Ration lbs. lbs. Ibs. 
1945-46 
I Basal 363 973 5017 
II Basal plus bonemeal, force-fed 248 761 4078 
Ill Basal plus bonemeal, free-choice 307 7190 4751 
IV Same as Lot III 312 818 4962 
Vv Basal plus superphosphate, force-fed 218 577 3864 
VI Basal plus superphosphate, free-choice 346 946 5076 
1946-47 
I Basal 370 954 3528 
Il Basal plus bonemeal, force-fed 203 505 2927 
Ill Basal plus bonemeal, free-choice 282 669 3563 
IV Basal plus supplements with flavors 284 709 3319 
Vv Basal plus superphosphate, force-fed 231 556 3420 
VI Basal plus superphosphate, free-choice 295 142 3371 

















consumed than the bonemeal or bonemeal-salt mixtures. It appears that 
superphosphate is less palatable than bonemeal; this is similar to the results 
reported by Becker et al. (1944). Two different lots of defluorinated super- 
phosphate were used. Both were considered to be typical of those offered 
commercially for livestock feeding. There were no appreciable differences 
in the results obtained from the two lots. 

It was observed that the steers receiving the mineral supplements force- 
fed consumed the greatest amount of beet pulp, while those on the basal 
ration ate the least amount of pulp. This indicates that the appetite of the 
animals was influenced by the amount of phosphorus in their ration. 

The steers force-fed the mineral supplements had a lower feed require- 
ment per 100 pounds gain than the animals fed the basal ration or the 
mineral supplements free-choice. These data are given in table 4. 











278 C. W. Hopeson, R. F. Jounson, A. C. Wirsz ann C. E. Hickman 


The animals receiving suboptimal amounts of phosphorus were unthrifty 
in appearance, exhibited some wood chewing, made low gains in weight, 
had poor appetites and were less efficient in the use of feed. 

The results reported here indicate that some suitable phosphorus supple- 
ment should be mixed with feeds which are deficient in this mineral. If the 
free-choice method is resorted to, the best system seems to be to feed a 
mixture of bonemeal and salt. Additional salt should be provided in another 
box to insure the consumption of enough salt. 


Summary 

Steamed bonemeal and defluorinated superphosphate were compared as 
phosphorus supplements for fattening steers. Both proved to be satisfactory 
supplements when force-fed by mixing with the feed. When fed free-choice, 
bonemeal was far more palatable than superphosphate, either alone or mixed 
with salt, anise or licorice. Both minerals were eaten more readily when 
mixed with salt at the rate of one or two parts mineral to one part salt than 
when fed alone, but even the bonemeal-salt mixtures fed free-choice were not 
consumed in sufficient quantities to provide an adequate intake of phos- 
phorus. The addition of anise or licorice at the rate of one ounce to five 
pounds of mineral did not appear to have any advantage over the mineral- 
salt mixtures from the standpoint of increasing the rate of mineral intake. 

The steers which consumed an adequate amount of phosphorus had better 
appetites, made larger and more economical gains and had a more thrifty 
appearance than did those on phosphorus-deficient rations. 
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RELATION OF INITIAL WEIGHTS AND SUBSEQUENT 
GAINS OF WEANLING CALVES! 


Exus S. Rusy, C. T. Bunn, E. M. Brousz AND Marvet L. BAKER 
University of Nebraska Agricultural Experiment Station 


TUDIES correlating initial weight and subsequent weights and gains 

of animals have been made at the Purdue Agricultural Experiment Sta- 
tion and at the University of Arizona. Most of this work covered a single 
pasture season and the weights at the beginning of the season were cor- 
related with gains made during that season. 

Mott and Miles (1946) correlated initial weights of yearling and two-year- 
old steers in the spring with gains made during the following pasture season. 
Stanley and McCall (1945) found a highly significant correlation between 
weaning weight and daily gain. 

The object of this study was to determine the relation between initial 
weight and subsequent weights and gains of weanling calves that were 
carried over a winter feeding and a subsequent summer pasture season. Thus, 
each experimental period consisted of two seasons. 


Materials and Methods 


The project was carried on at the Valentine Substation. The general plan 
of the work and data from many of the trials were reported by Brouse 
(1944). The data were obtained in 28 seasons during the years 1927 through 
1946 from 959 Hereford calves. Calves were bought at weaning time from 
Sandhills ranchers and placed in wintering lots, usually in November. The 
calves were separated into lots of ten each. Within a season the lots received 
the same care and protection, but were fed different rations. The calves 
were in the wintering lots from about November 20 until about May 10, 
when they were put on Sandhills pastures. The end of the pasture season 
was mid-October. 

Native prairie hay usually was the basis of the winter ration and in 
some cases comprised the entire ration. In most cases it was supplemented 
with cottonseed cake, linseed oil meal, soybean oil meal, tankage, distillers’ 
dried grains, corn, rye, barley, oats, combinations of one of the cereals and 
cottonseed cake, commercial pellets containing 12, 22, or 32 percent crude 
protein, or alfalfa hay. The protein-rich supplements were fed at levels of 
0.5, 0.75, 1.0, or 1.5 pounds per head daily. The cereals were fed at a level 
of 2.0 pounds or 1.0 pound plus 0.5 pound of cottonseed cake per head daily. 
All cattle had access to salt and water both in dry lot and on pasture. 


1 Published with the approval of the Director as Paper No. 43'7, Journal Series, Nebraska Agricultural Experiment 
Station. 
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In the analysis and discussion, only three weights and three gains were 
considered. These weights and gains were: 
1. Initial weight, taken at the time the calves were divided into experi- 
mental lots. 
2. Spring weight, taken at the close of the wintering period. 
3. Final weight, taken when the animals were removed from the pasture 
in the fall as yearlings. 
4. Winter gain, the difference between 2 and 1. 
5. Summer gain, the difference between 3 and 2. 
6. Total gain, the difference between 3 and 1, or the sum of 4 and 5. 
The gains varied greatly. One lot in 1927-28, fed on prairie hay without 
supplement lost 14 pounds per head during the winter feeding period. This 
was the only lot in which weight losses occurred for any season during the 
trials. The largest winter gain for a lot averaged 199 pounds per head. The 
average summer gain ranged from 140 pounds to 270 pounds per head. 
The analyses of variance and covariance follow the methods given by 
Snedecor (1946). The discussion applies to intra-lot season information. 


Data and Discussion 


The intra-lot means, standard deviations, and coefficients of variation 
for the weights and gains are given in table 1. The slight discrepancies in the 
table are due to rounding of the figures. 

TABLE 1. INTRA-LOT MEANS, STANDARD DEVIATIONS, AND 


COEFFICIENTS OF VARIATION OF THE WEIGHTS AND 
GAINS, 1927-1946 








Standard | Coeflicient of 








; | | 
Vatieble Mean | deviation | _- variation 
| pounds | pounds percent 
1. Initial weight 401.0 51.51 12.8 
2. Spring weight 540.5 | 70.93 13.1 
3. Final weight | 722.5 72.15 10.0 
4. Winter gain | 139.3 | 30.28 21.7 
5. Summer gain | 181.9 23.55 | 12.9 
6. Total gain 421.3 37.25 11.6 








The mean winter gain was smaller than the mean summer gain. The 
coefficients of variation were larger for spring weight than for initial weight 
or final weight. This probably was caused largely by competition between 
calves in the wintering lot. This is suggested further by the fact that the 
coefficient of variation for winter gain was relatively large in comparison 
with that of summer gain or total gain. 

The correlation and regression coefficients for various combinations of 
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weights and gains are given in table 2. These values are all highly significant 
(P <.o1); however, the relation between initial weight and total gain is of 
doubtful practical value. 


TABLE 2. INTRA-LOT SEASON CORRELATION AND REGRESSION 
COEFFICIENTS OF THE WEIGHTS AND GAINS, 1927-1946 





Coefficient of 








Variables considered 
Correlation | Regression 
Spring weight on initial weight . 480 656 
Final weight on initial weight . 886 1.240 
Winter gain on initial weight 232 137 
Summer gain on initial weight —.144 —.316 
Total gain on initial weight 099 137 
Final weight on spring weight . 863 871 
Summer gain on spring weight —.371 —.123 
Summer gain on winter gain — .283 — .220 
Total gain on winter gain | .670 545 








It may be observed from the table that a positive relation exists between 
the three weights. The calves with the larger initial weights remained the 
heavier animals throughout the period consisting of the wintering and the 
grazing seasons. 

Initial weight and winter gain were correlated in a positive manner, 
whereas initial weight and summer gain were correlated negatively. As a 
result of these opposing relations, the correlation between initial weight 
and total gain was slight. The correlation between winter gain and summer 
gain was negative. The negative regression coefficient (—.220) of summer 
gain on winter gain indicates that as the average winter gain of the calf 
increased by one pound in comparison with its lot mates, its subsequent 
summer gain decreased by 0.22 pound. Kincaid, Hon, and Hunt (1945) found 
this value to be 0.58 pound. 

With a positive correlation between initial weight and winter gain and 
a negative correlation between winter gain and summer gain, a negative cor- 
relation was to be expected between spring weight and summer gain. The 
positive correlation between winter and total gain was expected since posi- 
tive correlations were found between initial weight and winter weight and 
between initial weight and final weight. 

In this study initial weight of the steers accounted for one percent of 
the variation in total gain and for two percent of the variation in summer 
gain. Spring weight, however, accounted for 13.5 percent of the variation 
in summer gain. These facts probably may be accounted for by the advan- 
tage which the heavier calves had in competition for feed, especially supple- 
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mental feed, in the wintering lots. They had no such advantage on pasture 
and their higher condition at the beginning of the grazing period tended to 
result in smaller summer gains. Differences in total gains made by calves at 
extreme weight limits within lots were small but for the number of calves 
involved, significant. Practical measures to consider in improving feeding 
trials similar to the trials from which the data for this study were obtained 
include a reduction in the weight range of calves within lots, ample feeding 
space, liberal feeding of hay, and as much care as possible to assure uniform 
intake of supplemental feeds. If these conditions are met, the average initial 
weight of calves used in such trials does not seem especially important, pro- 
vided the calves are thrifty and of weaning age. 

Although spring weight accounted for 13.5 percent of the variation in 
summer gain in this study, Mott and Miles (1946) found less than one per- 
cent of the variation in gains made by steers on pasture was accounted for 
by their initial weight. The difference between these two results is probably 
due to differences in winter feeding and management since in the present 
instance 45 percent of the variation in total gain was accounted for by winter 
gain. 

Summary and Conclusions 

The data in this study of 959 Hereford calves conducted over a winter 
feeding season and a summer grazing season for 28 seasons support the fol- 
lowing conclusions: 

1. On an intra-lot basis, large winter gains were followed by small sum- 
mer gains, the regression coefficient of summer gain upon winter gain 
being —o.22. 

2. A closer relationship existed between contiguous weights and gains 
than between more widely separated weights and gains. 

3. Correlation values for all relationships studied were highly significant. 

4. The variation in total gain was small, indicating that the variations in 
winter gains were balanced by variations in the gains made during the 
subsequent summer grazing season. 

5. Increased winter gains resulted in increased total gain. 
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THE FREEZING POINT DEPRESSION OF BULL SEMEN AND 
ITS RELATION TO THE DILUTER PROBLEM 


G. W. Sauissury,! C. B. KNopt? anp R. W. Bratron 


Cornell University 


T IS well recognized that most organisms perform their normal functions 
best in a compatible environment. For single cells the osmotic pressure 

of the surrounding fluids is an important feature of the environment. In the 
larger animals the tissue fluids and the blood, as well as some of the glandular 
secretions such as milk, are maintained at an osmotic pressure constancy 
which varies only within narrow limits. 

For most efficient use in artificial insemination, bull semen must be diluted. 
The fluids used for this purpose should possess an osmotic pressure similar 
to that known to be ideal for the spermatozoa. So far little objective evidence 
is available on this question though it is assumed that the optimum osmotic 
pressure is that of normal, fresh bull semen. 

The method most commonly used for determining the osmotic pressure of 
a liquid is that of measuring the temperature at which it freezes as compared 
to the freezing point of water. Recently, Anderson (1945) has reviewed the 
published literature on the freezing point depression of bull semen. The 
mean values he cited from three different publications were —o.609° C. 
(range —o.53 to —o.65) for determinations by Bernstein and Sergin, 
—o.62° C. (range —0.54 to —o.73) for the data published by Roemmele, 
and —o.66° C. for determinations by Milovanov. Such values are more vari- 
able than expected from the constancy shown by bull blood or by milk. 

The present paper gives the results of our studies to determine some of 
the causes of the variability observed. 


Procedures 


The method used for freezing point depression is the cryoscopic method 
described in most standard works on physical chemistry (see Findlay, 1923). 
In general, most such methods have been developed for comparatively large 
volumes of liquid and in these studies it was necessary to develop an ap- 
paratus which gave repeatable results on small samples. Also, it was neces- 
sary in this work to standardize the volume of semen used at 5 ml., though 
in some of the first determinations the samples were as small as 4 ml. Be- 
cause of the relatively large volume of semen required, the total number of 
samples analyzed was limited. 

The temperature changes were determined with a Beckman differential 


1 Now at Department of Dairy Production, University of Illinois, Urbana, Illinois. 
2 Now at Department of Dairy Husbandry, Pennsylvania State College, State College, Pennsylvania. 
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thermometer calibrated to 0.01° C. and estimates made to 0.001° C. by use 
of a magnifying scale reader adjusted for parallax. In the first determinations 
made the freezing bath was cooled by ice and a common salt solution. By 
this means it was difficult to standardize the temperature of that bath. Thus, 
though the data were corrected for supercooling, they are probably not as 
accurate as were those made later. In the second series of observations, all 
made by one of us (G.W.S.), a cooling bath using expanding NH; in coils 
running through a mixture of ethyl alcohol and water was used. This ap- 
paratus was developed by B. L. Harrington, Department of Dairy Industry, 
Cornell University, and will be described by him later. 


Standardization of the apparatus 


The equipment was standardized against solutions of known freezing 
point depression for the effect of size of samples used and the constant 
(Findlay, 1923) to be used in correcting for supercooling in the formula 
T =t+(k/K)(t—t’) were not known. In this formula T =true freezing 
point, t=observed freezing point, t’=convergence temperature, and k/K 
=a constant depending upon the rate of abstraction of heat and of addition 
of (latent) heat. 

Milk was used as one standard solution and solutions containing varying 
levels of C.P. sucrose as another. The first determinations were made on 
milk as its physical consistency and chemical make-up were more similar to 
semen. Milk was assumed to have a freezing point depression of —o.55 
(Rogers, 1935) and the k/K values required to correct the observed values to 
the assumed figure calculated. From 20 determinations k/K was found to be 
0.011 for the second apparatus used and this value was then used in the cor- 
rection of freezing point depression for standard sucrose solutions. When this 
was done the mean values for 10 determinations each for four sucrose solu- 
tions of different concentration were identical with the freezing point depres- 
sion reported for the same solution by associates of Rogers (1935). The 
range about each mean was approximately + 2.0%. From this evidence it 
was assumed that the second apparatus used would give comparable accu- 
racy with semen samples of similar volume. 

Similar detailed precautions were not taken with the first apparatus, 
though gross estimates of the constant were made, and all evidence we have 
indicates that the error was less than + 5.0%. However, it was later found 
that this potential error of determination was small as compared to the sys- 
tematic error involved in handling the semen before the determinations were 
made. Consequently, with the development of the second appararus which 
was so easy to use and gave such highly repeatable results, no more effort 
was expended on the first one. 
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The semen used was that collected in their routine procedures by the 
New York Artificial Breeders’ Cooperative, Inc. At the start the determina- 
tions were made, in most cases, during the day the semen was collected. No 
particular attention was paid to the time interval from collection to deter- 
mination or to the exact handling procedures during that time interval. 
Later, a series of 31 semen samples were collected which were plunged im- 
mediately into ice water after removal from the artificial vagina. 


Results and Discussion 


Forty-five semen samples were used with the first apparatus. The mean 
and standard deviation of freezing point depression of these samples was 
— 0.653 +0.083. The distribution of the observed results are graphically 
shown in figure 1. From this evidence one fact emerged. The extreme range 
of values was from that of blood to a value as high as —0.978° C. and the 
distribution was skewed, having a long tail in the extreme high values of 
freezing point depression. A positive and significant correlation coefficient of 
0.33 between spermatozoa count anc the freezing point depression, showing 
that as the spermatozoa count decreased the magnitude of the depression of 
freezing point increased, was observed. 

In view of these results an experiment was designed and carried out to 
determine whether or not a sodium citrate solution isotonic with the mean 
freezing point depression of that semen would give greater livability of the 
spermatozoa when mixed equal parts with fresh egg yolk than was the 
case with the citrate solution then recommended. A level of 3.6 grams of 
NasCsH;O;:2H.O per 100 ml. water distilled over glass gave a freezing 
point depression when made uf fresh, but not autoclaved, similar to that of 
the semen samples. Earlier, 3.92 grams of NayCsH,O;-2H,O had been rou- 
tinely used. 

Ten separate ejaculates of semen were diluted at rates of 1 part of semen 
to 49 parts of the diluter made up of equal parts of egg yolk and the citrate 
buffer containing 3.6 grams per 100 ml. water distilled in glass. These samples 
were stored at 5° C. for 10 days. Motility examinations were made at 2 day 
intervals. The lower concentration of sodium citrate gave highly signifi- 
cantly greater livability of the spermatozoa. Consequently, this level was 
recommended for routine use in commercial artificial breeding (Knodt and 
Salisbury, 1946). 

When the second apparatus was available, a group of 18 semen samples 
were analyzed. The results are shown in the shaded portion of the paral- 
lelograms of figure 1. The data were similar to those found in the first 45 
samples. Later data on six paired first and second ejaculates collected within 

a few minutes were available. In each case the second ejaculates depressed 
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the freezing point less than the first ones, the means being for firsts —0.644 
and for seconds —0.596° C. 
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Figure 1. A. 45 analyses with first apparatus used and 18 with the second, when 
determinations made without regard to handling of semen after collection or 
time interval. B. 31 analyses with second apparatus determinations made on 
semen plunged immediately into ice water and as soon as possible after collection. 


This fact raised the question of the age of semen and its relation to the 
depression of freezing point. It is well known that bull spermatozoa catab- 
olize simple reducing sugars to lactic acid. In this case one molecule of 
either fructose or glucose (CsHi2O¢) would yield two molecules of lactic 
acid (CsH,O;). Possibly other breakdown products of metabolism of either 
spermatozoa or bacteria would add to the number of molecules of material 
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in the stored semen and thus increase the magnitude of the depression of 
freezing point. 

Therefore, semen from enough bulls was pooled to make samples of at 
least 15 ml. volume. Determinations were made when the ejaculates were 
pooled. No real attempt was made to obtain fresh material in view of other 
demands for semen. The remainder was then stored in stoppered test tubes 
at room temperature and determinations of freezing point made after 5 and 
11 hours of storage at about 28.5° C. This experiment was replicated 5 times. 
The results show a mean freezing point depression of —0.61'7, — 0.641, and 
—0.663° C. for these 5 samples when first analyzed, and after 5 and 11 
hours of storage at room temperature, respectively. The differences between 
these values are highly significant statistically. It is believed that the differ- 
ences observed would have been greater if sufficient semen could have been 
collected in one ejaculate to make up the required volume and determina- 
tions made immediately. 

These results demonstrated that bull semen does change in osmotic pres- 
sure as the spermatozoa metabolize nutrients and as the semen ages in stor- 
age. The question was raised as to whether or not the values earlier deter- 
mined were good estimates of the true freezing point of bull semen. Also the 
question arose as to what values should be accepted as optimum for sperma- 
tozoa and for diluters in view of the varying results obtained by us and by 
others (Anderson, 1945). 

Therefore, 31 samples of semen were collected and immediately upon re- 
moval from the artificial vagina were placed in ice water. Determinations of 
freezing point were made as quickly as possible after collecting though in 
most cases the time interval varied from 20 to 60 minutes. The values ob- 
tained are illustrated as the black portion of the parallelograms in figure 1. 
The class of greatest frequency was that for a freezing point depression of 
—o.55° C. (class range —0.540 to —0.559° C.) and the frequency decreased 
as the depression increased. The mean and standard deviation of these sam- 
ples was —0.587+0.055. 

From the data obtained, the hypothesis was developed that normal bull 
semen has a normal and optimum freezing point depression similar to bull 
blood, which was found to be —0.56+ —.0044 in our studies with the sec- 
ond apparatus used, but that it is increased by storage outside the body or 
by storage in the excurrent ducts of the reproductive tract. To test this 
point of view an exhaustion test was planned in which at least ten consecu- 
tive ejaculates were to be collected from each bull in the shortest possible 
length of time. It was believed that if the first ejaculates depressed the freez- 
ing point more than normal, the following ones would approach the level 
of blood. 

Four bulls were selected for study which were known to produce large 
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enough ejaculates for a determination. Two were known to be highly fertile, 
of the other two, one had not produced a semen sample considered worthy 
of insemination. The other was known to produce semen containing rela- 
tively high numbers of Pseudomonas aeruginosa bacteria. Both were con- 
sidered to be of low fertility and were not being used for artificial breeding. 

The semen samples were collected from each bull during one working day 
and the results are presented in table 1. In some cases the volume of the ejac- 


TABLE 1. THE FREEZING POINT DEPRESSION OF CONSECUTIVE 
EJACULATES OF SEMEN FROM 4 BULLS, A AND B HIGHLY 
FERTILE, C AND D KNOWN TO BE STERILE 








| | 





Ejaculate Bull Bull Bull =| Bull 
No. | A | B | Cc | D 

I —0.572 —0.578 | —0.609 | —0.637 

2 —0.553 —0.578 —o.815 | —0.602 

3 —0.540 —0.570 _ j —o.828 

4 —0.553 | —0.561 —0.767 —0.'748 

5 —0.5§1 —0.551 —0.731 —0.683 

6 —0.§22 —0.589 _ —0.847 
= | —0.550 —0.567 —0.796 _ 

8 —0.661 —0.558 — —1.089 

9 +0.607 —0.§§1 —1.016 —0.879 

10 —0.586 | —0.609 —o.728 —1.021 
II —0.682 — _ | — 
5%, 19, 33 _ —0.743 _— — 





ulate was too small for a determination or the ejaculate was lost and, in the 
case of bull B it was necessary to pool ejaculates 11, 12, and 13 for an analy- 
sis. 

These data show that the above stated hypothesis was correct for normal 
bulls, the trend in freezing point depression for the first few samples being 
to smaller negative values with each consecutive ejaculate. However, it was 
not expected that with exhaustion of the seminal reserves the lowering of 
freezing point would abruptly change to larger values for the same normal 
bulls. It would appear that the semen at this point takes on a different con- 
sistency, perhaps due to an imbalance of the secretions from the accessory 
glands. In each case there was a dramatic decrease in the concentration of 
each ejaculate, the first containing approximately 1,200,000 spermatozoa per 
mm.’ while the tenth ejaculate contained about one-tenth of that number 
per mm.* The change in pH was consistent also. As the spermatozoa con- 
centration decreased, the pH increased. 

The value obtained for the two lowfertility bulls are difficult to explain, 
though there is no apparent reason to believe they are false. In some of the 
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later ejaculates from these bulls the ejaculates became so thick that it was 
difficult to pour the semen from the test tube after it had cooled. Micro- 
scopic examination revealed no large accumulation of pus cells. Whether or 
not the determination of freezing point depression has any diagnostic value 
concerning the relative fertility of bulls is not known at this time. The 
method now used precludes a determination of the freezing point of a part 
of the semen and use of the remainder for insemination, except in the case of 
those samples of larger than normal volume. 


Discussion 


It appears to the authors that it has now been shown that fresh, normal 
bull semen has a freezing point depression approaching that of cattle blood. 
Thus, it is likely that all diluters prepared for artificial insemination work 
should be standardized at that point. Analyses show that most buffers now 
recommended for use with egg yolk in the preparation of diluters do not meet 
this specification. This observation is certainly true in the case of the yolk- 
citrate diluter developed here in this laboratory (Salisbury et al., 1941). 

In the first paper on this diluter (Salisbury et al., 1941) no definite weights 
of sodium citrate were given. The statement was made that an m/15 solu- 
tion had been used. It was realized later that this statement was unfortu- 
nate for the solution used had been an m/7.5 solution of the citrate molecule 
alone. This level is equivalent to approximately 3.92 grams of NayCsH,O;- 
2H,O or 4.76 grams of 2NasCsHsO7- 11H2O per 100 ml. of solution. Later the 
recommended concentration was reduced to 3.6 grams of NasCsH;O7-2H,O 
per 100 ml. (Knodt and Salisbury, 1946) and this level has been used since in 
commercial artificial breeding. 

It is not yet known what effects the use of a hypertonic diluter may have 
had on the fertility level of the diluted semen. The effects may have been 
negligible under most circumstances. However, the problem may become 
more acute as the semen is diluted more and more in commercial practice, 
as has been demonstrated to be possible (Salisbury, 1946). In fact, it is likely 
that as the minimum threshold level of spermatozoa livability and concentra- 
tion consistent with optimum fertility is reached in commercial artificial 
breeding, stricter attention must be paid to the osmotic pressure of the 
diluter. 

For the sodium citrate buffer, analyses reveal that autoclaving the solution 
increases its osmotic pressure as compared to placing the chemical directly 
in water at room temperature. Also bringing the water to a boil, removing, 
the heat source and then adding the sodium citrate as is recommended 
for use with sulfanilamide has a similar effect. To be isotonic with 
blood heated sodium citrate solutions should contain 2.9 grams of 
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Na;CsH,O;: 2H2O per 100 ml. of water distilled in glass, and this level is 
recommended for use in making the yolk-citrate diluter. It remains for future 
work to determine whether or not this change will lead to a measurable 
change in fertility level in artificial breeding. 


Summary 

From cryoscopic data it was found that fresh, normal bull semen has an 
osmotic pressure approaching that of cattle blood. The osmotic pressure of 
bull semen increased with length of storage in the excurrent ducts of the 
male or outside the body. The semen of two low fertility bulls depressed the 
freezing point more than did that of normal, fertile bulls. Heating sodium 
citrate solutions increases their osmotic pressure. For heated solutions, 2.9 
grams of NasCsH;O,-2H:O per 100 ml. of water distilled in glass is isotonic 
with blood. 
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THE INFLUENCE OF IODIZED CASEIN ON THE METABO- 
LISM OF MILK COWS 


Grete THorsEK, I. G. HANsEN AND JoHs. MousTGAARD 
Danish State Experimental Laboratory! 


NUMBER of examinations, chiefly by American investigators, have 

proved the importance of the thyroid gland to milk secretion, Graham 
(1934, 1934a), Herman, Graham and Turner (1938) Spielman, Petersen and 
Fitch (1944). Owing to the high price of thyroid preparations these observa- 
tions were, however, without any practical importance. Ludwig and Mut- 
zenbecher (1939) showed that by means of iodization of proteins, under suit- 
able condition, thyroxine was formed. Their technique of iodization was 
greatly improved by Reineke and Turner (1942). By this means it became 
possible to employ thyroid-active substances in more comprehensive experi- 
ments, which were also carried out on a large scale by American and English 
investigators, Blaxter (1945), Landingham, Henderson and Weakley (1944); 
Reineke et al. (1941); Seath, Branton and Groth (1945). After the war ex- 
periments with the employment of iodized proteins for milk cows have also 
been carried out in Sweden by Jarl and Hyden (1945). 

Taken as a whole, experiments with these substances as galactagogues 
have shown that, when employed in cows in the period of decreasing lac- 
tation, they produce an increase both of the quantity of milk and of the 
fat percentage. 


Data and Discussion 


lodized casein made in Sweden (“Astra”) and casein made under the con- 
trol of the laboratory (““Deacasein”) were used in the experiments. The thy- 
roid effect of the preparations employed was determined by their metabolism 
increasing effect on guinea-pigs, expressed by the oxygen consumption of the 
latter. The biological effect was practically the same with both prepara- 
tions, and about 4 to 5 times that of desiccated substance of the thyroid 
gland. The total iodine content of the preparations was about 7 percent de- 
termined according to Baubigny-Chuvanne’s method, Meyer (1931). The 
content of acid-insoluble iodine was about 2 percent, determined according 


to Harington and Randall's (1942) method. 


Preliminary experiment 


Three cows were given 25 grams of iodized casein in the feed each day 
for 90 days. All animals were in the declining phase of lactation but had 
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been in milk for varying periods of time. The energy requirements for main- 
tenance and milk production and for the increased milk and fat production 
caused by the iodized casein were met although during the first third of the 
experiment the protein requirements were not fully met because of the difh- 
culty of obtaining concentrates. During this preliminary trial there were no 
changes in body temperature but both pulse and respiration rates increased. 
There was a distinct loss of weight in two of the cows, up to 80 kg. in one, 
and one of the cows lost but little. In all three cows there was a distinct 
mcrease in milk units.? 


Quantitative determinations of metabolism 


Complete determinations of the metabolism of three Red Danish milk 
cows were made according to the scheme shown in table 1. During each trial 
there was an initial observation period of at least three weexs followed by 


TABLE 1. SCHEME OF EXPERIMENTS 














Experi- : | — 
Cow Breed ment Addition Experimental | Resp ree 
No. No. period experiments 
377 | R.D.M. | 136 | No 26/ 2-26/ 3/46 | 477-479-481 


unserved | 


377 | R.D.M. 138 | 25 gms. iodized cas. daily | 30/ 4-30/ 5/46 | 484-486-488 








unserved | | 
397 | R.D.M. | 137 | No 19/ 3- 9/ 4/46 | 480-482-483 
pregnant | 
397. | R.D.M. 139 | 25 gms. iodized cas. daily | 7/ 5-21/ 5/46 | 485-487 
pregnant | 
| 
351 | R.D.M. 140 | 25 gms. iodized cas. daily | 19/11- 3/12/46 | 489-491 
unserved | | +0.5 gm. CuCO; 
4 490-492 





397 | R.D.M 141 | 12.5gms.iodizedcas.to.5 | 28/11-12/12/46 
unserved gms. CuCO; 





an experimental period of four weeks, with the exception that in the last 
three trials the experimental period was two weeks. The respiration experi- 
ments were made in the Pettenkofer apparatus and extended over 48 hour 
periods. The general techniques used have have been described in detail by 
Méllgaard (1929). The same preparation of iodized casein was used through- 


2 milk unit = 1000 calories in milk, 
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out. In the experiments with cows 351 and 397 the effects of the copper ion 
in combination with iodized casein were studied since Hesse et al. (1934), 
Schuzo (1934) and Sutter (1936) reported an antagonism between copper 
and thyroxine in certain species. 

The administration of 25 gm. of iodized casein daily was followed by in- 
creased milk production. A maximum of about 14 M.U. occurred in cow 
377 and about 16 M.U. in cow 397 (increases of 54 and 45 percent respec- 
tively). This rise was the result of both increased milk flow and increased 
fat percentage. The response of cow 377 is shown in figure 1. Considera- 
ble weight loss occurred in both animals. Cow 3'77 decreased from 451 
kg to 380 kg. and cow 397 from 511 kg. to 430 kg. Part of the loss was 
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Figure 1. The effect of iodinated casein on milk production. 


apparently due to disturbances in fluid balance; whether this was pos- 
sibly the result of increased metabolism or possibly to a diuretic factor 
in the iodized casein was not decided. Increases in respiration and pulse 
frequency occurred but no abnormality in heart function could be dem- 
onstrated by means of electrocardiography. The results with cow 351 
when both 25 gm. of iodized casein and 0.5 gm. of CuCO; were given 
daily were similar to those observed in cows 377 and 397 as previously 
de cribed. When cow 397 was fed only 12.5 gm. of iodized casein and 
0.§ gn. of CuCO; daily milk production was less than when 25 gm. were 
fed. It appeared that copper did not exert any effect on lactation in the 
amounts fed. Respiration and pulse rate were increased and as previously 
observed, no heart abnormalities were demonstrated. 

The most important figures of the determination of energy metabolism 
are shown in table 2. 
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The metabolizable energy is the total energy of the feed less the energy of 
the feces, urine, and methane as determined by the bomb calorimeter and 
the heat of combustion of methane multiplied by the quantity of methane 
found to be produced in the respiration experiment. Total heat production 
was computed in the usual manner on the basis of nitrogen excretion in the 
urine, oxygen consumption and respiratory quotient and methane produc- 
tion. The energy content in the deposited or lost protein and fat was com- 
puted on the basis of nitrogen and carbon balances. The deviation from the 
first law of thermodynamics states the error with which the experiments 
were made and in all the experiments it is within the limits of error generally 


TABLE 2. THE EFFECTS OF IODIZED CASEIN AND COPPER 
UPON METABOLISM 






































| Total ee Peomesae , 
| - 
Experi- lodized | CuCO;! poarond heat protein from firet 
Cow 2 lizable pro- law of ther- puted 
ment casein, gm. produc- | deposited, ! 
No. energy, : duced, modynamics NCr 
No. gm. daily tion, Cal. 
| | Cal. Cal a —————— per 
| : | Cal. Percent} M.U. 
136 | 377 ° ° | 27,947 | 15,597 | +3,914 | 9,052] +616 1.3° 706 
138 377 25 ° | 28,165 19,852 —4,635 | 12,627 | —311 0.6 1,156 
137 397 ° ° 32,944 17,743 +4,797 | 11,162 | +758 1.4 684 
139 | 397 | 25 Oo =| 32,498 | 23,378 —5,854 | 15,112 | +138 0.2 | 1,139 
140 351 25 0.5 29,044 21,051 —5,000 13,156 | +163 0.3 1,139 
141 397 12.5 0.5 | 35,619 21,216 —2,507 17,604 +694 1.2 961 





* 616 cal. are 1.3 per cent of the gross energy which has been available for the animal. 


occurring in experiments with the metabolism of milk cows. NCr states | 
the content of net calories in a feed for fattening. The computation of NCr 

per M.U. is made by computing, on the basis of Kellner’s calculation of 

starch value (1 kg. starch = 2365 NCg) the content of NC in the feed. From 

this are deducted the maintenance requirements and the quantities of pro- 

tein and fat deposited, expressed in NC, the number of NC at disposal in 

the milk production thus being found. The details of the computation are 

given by Mgllgaard (1929). 

In the experiments without iodized casein the computed consumption of 
NCy per M.U. was found to be lower than usual (830 NCr per M.U.). 
This difference must be due to the fact that we have not made a direct deter- 
mination of the maintenance requirements of these animals which had to 
be computed according to the function: log Enc, = 1.564-+0.818 log V, in 
which Enc, is the energy requirements for maintenance expressed in NC 
and V is the weight in kilos. As there may sometimes occur deviations of 
up to 20 percent from this formula, it might indicate that we have been ex- 
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perimenting with two animals displaying a minus deviation, whose mainte- 
nance requirements have actually been lower than computed by us, the 
NCr consumption per M.U. thus having been computed too low. This low 
value, however, appears in both experimental periods and will thus exert no 
influence on the computed increase of the NC consumption. 

It will appear from table 2 that the metabolizable energy has been almost 
constant from the first to the second experiment with cows 3'77 and 397, as 
right from the first experiment the animals were adjusted at so large a feed 
as they were sure to ingest. 

After admixture of iodized casein the total heat production increased by 
about 30 percent whilst simultaneously the animals showed a markedly nega- 
tive balance. In the experiment with admixture of iodized casein cow 3'77 
thus lost 4625 calories a day in the form of decomposed fat and protein, 
having deposited in the first experiment 3914 calories, i.e. a change of 8539 


TABLE 3. RELATIONSHIP BETWEEN INCREASED MILK 
PRODUCTION AND NCr 














Increase of milk production NC, per M.U. 
Experiment No. of increased 
M.U. | Percent production 
! 
138-136 3.58 39.5 | 2,2°77 
139-137 3.95 35-4 | 2,425 








calories; the corresponding figures for cow 397 were — 5854 calories as com- 
pared to +4797 calories in the first experiment, a change of 10651 calories 
in all. These changes in the metabolic rate have caused the NCy-consump- 
tion for the total milk production to increase from 706 to 1156 NCr, or 
about 64 percent, in cow 3'77, and from 684 to 1139 NCr, corresponding to 
about 67 percent, in cow 397. 

On looking at how much the production of the actually increased output 
has cost, it will appear from table 3 that it cost from 2300 to 2400 NC per 
M.U., which is about three times the normal requirement in producing one 
M.U. 

It will appear from experiments 140 and 141 that the admixture of copper 
was unable to counteract the great decrease of the balances, and thus we 
find the same consumption of NCry per M.U. in experiment 140 as in the 
experiments without any admixture of copper. 

In experiment 141, in which the admixture of iodized casein was halved 
and, as already mentioned, the high milk production could not be maintained, 
the negative balance is far less, and consequently, the NC consumption be- 
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comes lower than in the preceding experiments with iodized casein, even if, 
on the other hand, it still materially exceeds the normal requirements of 
this cow. 

Summary 

The admixture of 25 gms. of iodized casein to the daily ration gave rise to 
an increase of milk production of up to 54 percent. Despite a considerable 
positive energy balance before the treatment with iodized casein, the live 
weight of the cows decreased from 10 to 17 percent. 

In the course of the treatment the heat production increased by about 30 
percent, and the consumption of NCr per milk unit produced increased by 
about 65 percent. 

The consumption of NCr per milk unit was for the increased production 
resulting from feeding iodized casein about three times the normal. 

An admixture of copper salts did not apparently influence the effect of 
the iodized casein. 

The treatment with iodized casein caused the frequency of the heart to 
increase by 40 to 50 percent. Otherwise no abnormality of the function of 
the heart could be demonstrated by means of electrocardiography. 
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IODINE DEFICIENCY IN NEWBORN SHEEP AND SWINE! 


F. N. Anprews, C. L. Sorewssury, C. Harper, C. M. 
VESTAL AND L. P. DoyLe 


Purdue University Agricultural Experiment Station 


HE importance of the thyroid gland in the regulation of metabolism, 

growth, reproduction, lactation, egg production and certain other 
processes is well known and it is generally agreed that adequate dietary 
iodine is necessary for the normal function of the thyroid gland. It is like- 
wise agreed that extensive areas of the Great Plains, Rocky Mountain, 
Pacific Coast and Great Lakes states are severely deficient in iodine but the 
extent of relative or borderline iodine deficiency is incompletely known. 

A study of the incidence of “goiters so large that military collars would 
not button around them” in World War I draftees showed that such goiters 
occurred in over 20 men per 1000 in Montana, Idaho, Washington and Oregon 
and in five to seven men per 1009 in Indiana, Ohio and IJIlinois (Davenport 
and Love—1920). In school children, however, Oleson (1926-1929) reported 
that over 50 percent of the girls in Akron, Ohio, 80 percent in Terre Haute, 
Indiana and 45 percent of the women students at the University of Illinois 
were affected by goiter. Morrison (1939) in discussing the iodine require- 
ments of farm animals writes “there is no need of supplying additional iodine 
to pregnant animals in areas where there has been no trouble from goiter in 
newborn animals” and then observes “‘it is rather surprising that goiter does 
not commonly occur among livestock in many areas where goiter among hu- 
mans is common.” Hartman (1939) reported in a survey of mineral deficien- 
cies in the United States that iodine deficiency has not been officially re- 
ported in Ohio, Indiana and Illinois. A report by the National Research 
Council (1942), Committee on Animal Nutrition, includes the states of 
Ohio and Indiana and possibly northern Illinois in the iodine deficient area. 
The discrepancies of these recent reports on the status of iodine deficiency 
in Indiana and neighboring states indicate that more information is needed 
regarding thyroid function and iodine deficiency in farm animals in the mid- 
west. 

The clinical evidences of iodine deficiency in farm animals have been 
clearly described by Welch (1917, 1928 and 1940) and Kalkus (1920). Gross 
iodine deficiency usually results in the birth of weak or dead foals; dead, 
weak, “big-necked,” sometimes hairless calves; dead, weak and often par- 
tially woolled lambs and in pigs the newborn are frequently hairless or nearly 
so, the skin is thickened and edematous and’the pigs often seem fat and 


1 Contribution from the Departments of Animal Husbandry, Agricultural Chemistry and Veterinary Science, 
Journal Paper No. 327, Purdue University Agricultural Experiment Station, Lafayette, Indiana. 





Soa aes SER 


: 
4 
8 
# 
sy 
a 
3 














loping Dericrency IN SHEEP AND SWINE 299 


flabby. The size of the thyroid gland is not necessarily indicative of goiter 
and histological examination is generally more reliab!e (Kalkus, 1920; Marine, 
1928). Iodine deficiency is at first characterized by hypertrophy and hyper- 
plasia of the thyroid epithelium and the disappearance of stainable colloid. 
Continued hyperplasia is often followed by exhaustion atrophy of the 
gland and the completely involuted thyroid is characterized by very low 
epithelial cells and the storage of considerable colloid. 

No recent studies on the relation of iodine intake to thyroid histology 
and iodine content have been made in farm animals. Marine and Williams 
(1908) and Marine and Lenhart (1909 a and b) reported that the normal 
iodine content of sheep and swine thyroids respectively was 2.47 and 2.51 
mg. per gm. of dried gland. When moderate or marked hyperplasia occurred 
in sheep the respective iodine contents were 0.40 and 0.01 mg. and swine 
thyroids showing early hyperplasia contained 1.10 mg. of iodine per gm. of 
dried gland. 

The object of the studies reported in this paper was to determine the 
incidence or evidences of iodine deficiency in newborn lambs and pigs 
when their dams were fed rations commonly used under mid-west farm 
conditions. 


Materials and Methods 


The gross and microscopic anatomy and iodine content of the thyroid 
glands of lambs and pigs were studied at birth or within the first five days 
post-parturition. A portion of the glands were recovered from animals which 
were purposely killed and which did not appear to be in immediate danger of 
dying. The remainder were from young which were dead at birth or died 
within five days. 

The ewes were maintained in three separate university-owned flocks and 
the pigs were from two distinct Purdue swine herds. All farms were located 
within five miles of the campus. Sheep flock I and swine herd I were on ad- 
joining farms and supplied with water from separate driven wells. Flocks 
II and III were also on adjoining farms and obtained their water from the 
university driven well. Swine herd II was on an entirely separate farm and 
utilized city water obtained from deep wells. The feedstuffs used, with the 
exception of silage, were purchased locally and were of heterogeneous origin 
and unknown iodine content. The ewes were of western origin and of pre- 
dominantly Hampshire X Rambouillet breeding. The sows were of either 
Duroc or Hampshire breeding. 

Both the sheep and swine were being used in other experimental studies 
and although there was considerable difference between some of the rations 
fed, all diets are generally regarded as nutritionally adequate for pregnant 
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ewes and sows. The distinguishing characteristics of the different rations 
will be included with the presentation of data. 

The thyroid glands were removed and weighed shortly following the 
death of all animals. Portions of each gland were fixed in Bouin’s fluid, sec- 
tioned, stained with hematoxylin and orange G or Mallory’s triple stain and 
studied: microscopically. Observations were made on the type of thyroid 
epithelium, the amount of stored colloid, and the general organization of the 
gland. Ten measurements on the height of the epithelium were made on 
each gland using an eyepiece micrometer. A portion of each gland was dried 
and iodine determined by the method of McCullagh (1934). 


Results 
Sheep—Flock I 

The sheep in this flock were being utilized in an experiment involving the 
nutritional requirements of breeding ewes. The ewes were bred while on a 
good bluegrass pasture and were fed a ration composed of oats, soybean oil 
meal, alfalfa hay, corn silage and ordinary salt after the breeding season and 
throughout pregnancy. Between the third and fifth days following lambing 
one of each set of twin lambs was killed and the thyroid glands removed. In 
most cases the lambs which were purposely sacrificed appeared to be in nor- 
mal health. Since in definitely iodine deficient areas high natal and post-natal 
death losses are associated with the deficiency, the thyroid data have 
been grouped on the basis of “living and dead” lambs. 

These data, which are summarized in table 1, indicate that a large per- 
centage of all lamb thyroids examined showed gross, histological or chemical 
evidences of hypothyroidism. Although subcutaneous edema, especially in 
the neck region, was common, woollessness was not observed and scantiness 
of wool was not sufficiently pronounced to be reliably used as a criterion of 
thyroid dysfunction. Thyroid weight ranged from 0.90 gm. to 8.85 gm. in 
the live lambs and from 1.00 gm. to 49.15 gm. in the dead lambs. The iodine 
content was uniformly low in both groups, ranging from a trace to 0.113 
percent in the live lambs and a trace to 0.141 percent in the dead lambs. Al- 
though the normal iodine content of lamb thyroids has never been clearly 
established it is reported to range between 0.10 and 0.25 percent on a dry 
weight basis (Welch, 1928; Marine and Lenhart, 1909). If this range is 
correct only three of 147 glands obtained from flock I contained a normal 
quantity of iodine. 


Flock IT 


A small number of thyroids was obtained from a purebred flock main- 
tained separately but managed somewhat similarly to flock I. The ewes in 
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TABLE 1. CHARACTERISTICS OF LAMB THYROIDS 



























































Ay, | Avele | Av. | Hyper- 

: Live | Dead , in dry | epith. | plastic 

Ration lambs | lambs — thyroid,} hght., | glands, 

iti percent | microns | percent 

Flock I 
Plain salt 73 2.87 .025 16.3 64 
| 14 8.55 .018 18.6 66 
Flock II 
Plain salt 4 | 12.48 .047 17.1 100 
13. | 3.30 O51 13.3 | 54 
Flock III, 1942-43 
I, salt 5 | 1.25 326 6.6 | ° 
Ip salt 4 .88 263 oe ° 
Plain salt 39 i Rae .072 12.6 44 
Plain salt 23 | 2.14 O71 | 11.6 | 25 
Flock III, 1943-44 

Oat straw+I, 3 I 765 268 6.6 | — 
Dehydr. rye grass+I, 6 | 960 350 8.6 finn 
HO extract rye grass+I, 4 | .742 -439 7.6 — 
Rye grass residue+-I, 7 I | .810 442 8.6 | 12 
3 & 4 recombined+I, 7 | 9 423 7.6 — 
Oat straw, casein, vit.+], 4 TT" a . 386 64 | — 
1st cut. dehydr. alf.+I, ee a 3" 69 459 56: — 
and cut. dehydr. alf.+I, 6 1 |  ,860 353 92 | — 
3rd cut. dehydr. alf.+I, II eee 415 7.2 — 
Field cured alfalfa 9 | 1,266 122 11.7 55 
Field cured alfalfa+I, II ae eee 381 7.2 _ 
Soybean hay o4 5 1.35C .190 10.0 30 
Soybean hay+I. $.:| 4 866 532 7.2 — 














this flock did not receive iodized salt. The data, which are summarized in 
table 1, indicate that evidences of iodine deficiency were present in those 
animals which came to autopsy. 


Flock III 


The ewes in this flock were maintained separately from flock I, but were 
also part of a study on the nutritional requirements of breeding ewes. Dur- 
ing the year 1942-43, two-year old Western ewes were bred while on a 
blue grass pasture and after breeding were divided into 12 lots of 15 ewes 


each. All received a basal ration of yellow corn and corn silage and such 
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variables as oat straw supplemented with casein and vitamins, alfalfa, ar- 
tifically dehydrated cereal grasses, and plain and stabilized iodized salt were 
compared (Shrewsbury et al., 1946). An inspection of the thyroid data 
showed that with the number of glands available for study that the most 
practical grouping of the results would be the combination of all data on 
the basis of supplementation of the rations with iodized salt. In this flock, 
fed rations varying in type from corn, silage and oat straw, to corn, silage 
and artificially dehydrated cereal grasses, the evidences of iodine deficiency 
were not as pronounced as in either flocks I or II. As previously observed, 
clinical evidences of gross iodine deficiency did not occur. As summarized 
in table 1, thyroid size was less and iodine content greater than had been 
found in flocks I and II in rations not supplemented with iodine. However, 
based on Marine's standards the iodine content of the glands was distinctly 
subnormal and hyperplasia of the epithelium common, the epithelium being 
about twice as high as when iodine was fed. In 1942-43 thyroid size of the 
lambs ranged from 0.67 gm. to 5.05 gm. in the non-iodine supplemented 
lots. This is in distinct contrast to flock I in which glands weighing as much 
as 49 gm. were observed and in which over one third of the glands weighed 
more than four grams. Iodine content ranged from a trace to 0.196 percent 
and epithelial height from 5.7 to 22.8 microns. 

Although only small numbers of glands were available from the lambs of 
ewes which received supplementary iodine it is clear that the addition of 
iodine increased the iodine content of the thyroid, reduced the height of the 
thyroid epithelium and prevented the development of thyroid hyperplasia. 

In 1943-44 the same ewes were again bred while on a bluegrass pasture 
and then divided into five lots of 10 each and seven lots of 15 ewes each. 
Nine of the lots were used in a continuation of studies on the nutritional 
requirements of breeding ewes (Shrewsbury et al., 1946) and four lots were 
available primarily for the comparison of the same rations with and without 
stabilized iodized salt. All sheep received the same basal ration as in 1942-43, 
yellow corn and corn silage. The distinguishing characteristics of each ration 
and the results are summarized in table 1. Relatively few lambs died in this 
study and the data for live and dead lambs were combined. Only 19 thyroids 
from lambs in lots not supplemented with iodine were available for study. 
Although approximately 40 percent of these glands showed hyperplasia 
suggestive of sub-optimum iodine intake and nearly all showed epithelial 
hypertrophy, the iodine content of the glands was approximately twice that 
in the non-iodine groups in 1942-43. However, when the same rations with 
and without iodine were compared an analysis showed that highly signifi- 
cant differences exist between thyroid weight, iodine content and height of 
the thyroid epithelium (P <o.01). As will be discussed in a later section, 
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increased iodine content of the thyroid gland is significantly correlated with 
reduced thyroid weight and reduced height of the epithelial cells. 

Only one of 86 glands from iodine supplemented lambs showed hyper- 
plasia of the thyroid epithelium, only 14 weighed more than one gram and 
none exceeded 1.8 gm. Iodine content ranged from 0.126 to 0.721 percent 
and only three glands contained less than 0.20 percent. 


Swine-Herd I 


The females in this herd were being used in a study of the nutritional re- 
quirements of pregnant and lactating swine. Nine lots of animals were used 
in two experiments during the fall of 1943 and spring of 1944. The thyroid 
glands of all pigs which were born dead or died within the first week were 
examined and thyroids were obtained from approximately 50 pigs purposely 
killed within the first five days. 

Four lots of five sows (experiment I) each were fed a basal ration of corn, 
oats, and soybean oil meal and the following variations in minerals: 

Lot 1, steamed bone meal. 

Lot 2, defluorinated rock phosphate and iodized salt. 

Lot 3, raw rock phosphate and iodized salt. 

Lot 4, steamed bonemeal and iodized salt. 

Three lots of 12 sows each and two lots of 13 gilts each (experiment 2) 
were fed rations with the following distinguishing characteristics: 

Lot 1, 5% tankage, corn and oats. 

Lot 2, 10% tankage, corn and oats. 

Lot 3, 5% tankage, 3% alfalfa leaf meal, corn and oats 

Lot 4, 7% tankage, 3% alfalfa leaf meal, corn and oats. 

Lot 5, 10% soybean oil meal, 3% alfalfa leaf meal, corn and oats. 

The results of experiment 1 are summarized in table 2. As previously out- 
lined, all lots except 1 received supplementary iodine and lots 1 and 4 re- 
ceived the same ration with the exception of iodine. There was little differ- 
ence in thyroid weight or height of the epithelium between lots 1 and 4, 
but a rather definite increase in iodine content in lot 4. It is interesting to 
note that although the height of the epithelium was similar in both groups, 
hyperplasia was common in lot 1 and did not occur in the iodine-fed group. 
A comparison of colloid storage showed that half of the glands in lot 1 had 
only a trace of colloid. When iodine was added to the ration all of the glands 
had appreciable amounts of colloid. This was likewise true of lots 2 and 3. 

In experiment II several factors which may influence the thyroid glands 
of newborn swine can be compared. None of the animals in this experiment 
received supplementary iodine and the iodine content of the feedstuffs was 
unknown. As shown in table 2, there were obvious differences between Icts 
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in thyroid size, iodine content and thyroid histology. The glands of pigs 
whose dams received soybean oil meal were significantly heavier and con- 
tained less iodine than those of pigs in the tankage lots (P <o.o1) and hyper- 


TABLE 2. CHARACTERISTICS OF PIG THYROIDS 






























































i Av. I: Av. Hyper- 
Lot Live Dead Par in dry epithelial plastic 
pigs pigs wt., gm. thyroid, height, glands, 
percent | microns percent 
Herd I. Experiment 1 
I 5 | 47 .105 9.2 80 
I II 272 075 8.6 36 
2 3 -149 132 7.1 _ 
2 13 203 095 7.7 _ 
3 4 x12 232 2 _ 
. 18 .180 192 5.6 _— 
4 I -274 .156 9.3 sa 
4 13 .240 173 8.7 _ 
Herd I. Experiment 2 
I I | -251 -O31 | 8.7 _ 
I 15 -259 | .140 | 6.4 6 
2 3 Bs .306 5.3 _— 
2 23 227 204 6.7 — 
: 6 .226 | -193 7.2 — 
3 9 277 | 120 6.8 _— 
4 16 -194 | -199 7.9 — 
4 19 188 183 6.3 _ 
5 16 395 .087 10.0 44 
5 14 .418 | .094 8.4 50 
Herd II. Experiment 2 
I 18 -178 | -419 | 6.0 — 
I 18 -194 | .301 | 7-2 = 
2 13 241 285 | 6.3 _— 
2 | 16 .291 | 257 6.1 — 
3 14 -197 370 6.6 — 
3 10 -204 .307 6.4 — 
4 6 249 | 332 | 6.8 _ 
4 | II 217 .287 6.5 _ 
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plasia occurred in about half of the glands in the soybean lot. Since the iodine 
content of the rations was unknown, and since it has been shown that the 
iodine content of feedstuffs varies widely, depending upon the iodine con- 
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tent of the soil, water and amount of precipitation, it is not concluded that 
soybeans are necessarily deficient in iodine but rather that rations which 
are commonly regarded as adequate may sometimes be lacking in trace ele- 
ments such as iodine. 


Herd II, Experiment I 

This herd was maintained for the study of swine diseases and was com- 
posed chiefly of mature sows of Duroc and Hampshire breeding. During 
the spring and summer of 1943 most of the animals had access to pasture but 
were confined to gravel lots or concrete platforms during the greater part of 
gestation. During pregnancy they were self-fed a ration composed of corn, 
oats, tankage, soybean oil meal, wheat bran, alfalfa leaf meal, mineral and 
plain salt. The ingredients of this ration were of unknown origin and io- 
dine content, but the ration would generally be regarded as nutrionally 
adequate. 

The thyroids of the newborn pigs in this group showed clearcut chemical 
and histological evidences of iodine deficiency. Thirty nine percent of the 
glands contained only a trace of iodine and 45 percent showed only a trace 
of colloid microscopically. This is in marked contrast with swine which 
received iodized salt in herd I, and with the exception of lot 5 in herd I, the 
glands were more abnormal than had previously been observed on non- 
iodine supplemented rations. 


TABLE 3. CHARACTERISTICS OF PIG THYROIDS IN HERD II. 
































EXPERIMENT 1 
Av. I | Av. Hyper- 
Date of Con- N Av. fresh | in dry epith. plastic 
farrowing dition +6 wt., gm. | thyroid, hght., | glands, 
percent microns | percent 
11/20/43- 2/15/44 | Live 7: es aE ee | 39 
11/29/43-12/ 6/43 Dead 13 .298 .067 | 8.7 _ 
12/ 7/43-12/17/43 Dead 26 369 .027 8.1 12 
12/18/43-12/30/43 Dead 13 517 .044 10.0 58 
12/31/43- 1/ 9/44 Dead 26 559 -O1L 10.4 50 
1/10/44- 2/15/44 Dead 10 504 .008 11.0 62 
Average all dead pigs | | 88 | 452 | 029 | 9-4 | 32 





During the compilation of the data in herd II it was observed that as the 
farrowing season progressed thyroid size appeared to increase. For this rea- 
son the data were arbitrarily grouped as shown in table 3. An analysis of 
variance of the data on the dead pigs showed that thyroid weight was sig- 
nificantly increased as farrowing progressed (P <o0.05), that iodine content 
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was significantly decreased (P<o.o01) and that the height of the epithelial 
cells increased (P <o0.01). The most logical explanation for this phenomenon 
would appear to be that the sows’ stored iodine was gradually depleted 
following removal from pasture and/or their outdoor lots. 


Experiment IJ 


In the fall of 1944 and spring of 1945 four lots of 5 Duroc gilts each were 
fed the following rations: 

Lot 1, corn, soybean oil meal, mixed vitamins. 

Lot 2, corn, soybean oil meal, artificially dehydrated cereal grass. 

Lot 3, corn, liver meal, tankage, alfalfa leaf meal. 

Lot 4, corn, soybean oil meal. 

All gilts received ground limestone, steamed bonemeal and stabilized 
iodized salt. The data presented in table 2 clearly demonstrate that the sup- 
plementation of several rations with stabilized iodized salt results in the 
production of rather uniformly small thyroids of normal iodine content and 
the complete elimination of hyperplasia of the follicular epithelium. When 
the thyroids obtained in herd II in 1943-44 were compared to those studied 
in 1944-45 it was obvious that significant differences in thyroid weight, 
iodine content and histology exist. In the latter group only 5 glands weighed 
more than 0.47 gm., only 14 contained less than 0.200% iodine and not a 
single hyperplastic gland was observed. 


Histological Changes 


The parenchyma of the thyroid gland consists of irregularly spherical, 
epithelium-lined follicles which ordinarily contain appreciable amounts of 
colloid. The follicular epithelium is typically low cuboidal but in young ani- 
mals the cells are frequently taller than broad. In general the height of the 
epithelial cells increases and the amount of stored colloid decreases as thy- 
roid activity is increased but the efficiency and amount of thyroxine produc- 
tion by the gland cannot be determined by histological examination alone. 
There are many similarities in histological appearance between the hyper- 
active thyroid of Graves’ disease in the human and hyperplasia induced by 
iodine deficiency. However, in iodine deficient animals there is a highly sig- 
nificant correlation between iodine content of the gland and height of the 
epithelium and considerable importance can be attached to histological 
changes in iodine deficiency. Coefficients of correlation of —0.646 and 
—o.525 between iodine content and height of the thyroid epithelium were 
found in sheep and swine respectively in this study. There was less relation 
between iodine content and thyroid weight but significant correlations of 
—0.321 and —0.350 were found in lambs and pigs respectively. 
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Photomicrographs of typically normal and abnormal thyroid glands are 
shown. Figure 1 is representative of the glands obtained from newborn 
lambs when their dams received stabilized iodized salt. This gland weighed 
0.62 gm. and contained 0.412% iodine. Figure 2 represents extreme 
hyperplasia of the epithelial cells. Observe the great increase in cell numbers 
as well as cell height and the scarcity of colloid. This lamb thyroid weighed 
6.68 gm. and contained 0.005% iodine. Figure 3 is a normal pig gland weigh- 
ing 0.201 gm. and containing 0.323% iodine. The hyperplastic pig thyroid 
shown in figure 4 weighed 0.831 gm. and contained 0.098% iodine. 





Figure 1. Normal lamb thyroid. Figure 2. Hyperplastic lamb thyroid. Figure 3. 
Normal pig thyroid. Figure 4. Hyperplastic pig thyroid. Magnification of all 
photomicrographs 250 X. 
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Discussion 

The primary objective of this study was to determine if evidences of 
iodine deficiency occur in sheep and swine in central Indiana when commonly 
used rations were not supplemented with iodine during pregnancy. If the 
standards of Marine and Williams (1908), Marine and Lenhart (1909), 
Marine (1938), Welch (1917) and Kalkus (1920) are reliable, and there has 
been general agreement that they are, it appears that iodine deficiency may 
occur in this region. It is evident that the severity of the deficiency is quite 
different from that observed in the Northwest where losses in newborn 
lambs and pigs were so great that many farmers ceased sheep and swine 
breeding until it was learned that the use of potassium iodide (Welch, 1928) 
would prevent these losses. 

The commonly accepted evidences of iodine deficiency, hairlessness in 
pigs and scanty wool in lambs do occur throughout Indiana, but are not 
sufficiently common to cause particular concern. However, the authors 
have observed that the thyroids of hairless pigs may contain as much or more 
iodine and may show no histological differences from those of pigs which 
have normal amounts of hair. Thickened, pulpy, edematous skin usually 
accompanies definite iodine deficiency in pigs, but subcutaneous edema is 
very common in newborn pigs and its frequent occurrence in “baby pig 
disease” makes it unreliable in the diagnosis of iodine deficiency. 

The relation of the thyroid changes observed in this study to the death 
of the newborn is unknown. Although the data were presented on the basis 
of living and dead animals, and although the thyroids of the dead animals 
were usually heavier and frequently contained less iodine than in animals 
which were purposely killed, it is not concluded that these thyroid changes 
were a contributing factor to the death of the animals. Since the thyroid 
gland is intimately related to growth and probably affects the processes of 
reproduction, lactation, egg production and fattening, it would seem highly 
desirable that the thyroid glands of young animals have normal histological 
and chemical characteristics. It is apparent that the iodine content of rations 
commonly fed in Indiana can be deficient and it has been shown that the 
use of stabilized iodized salt, containing 2 minimum of 0.007 percent iodine, 
in the rations of pregnant sheep and swine results in the development of 
thyroids in the newborn which, according to present standards, are con- 
sidered normal. In other areas which have been described as goiterous for 
humans, but in which clinical evidences of iodine deficiency in livestock have 
not been reported, it would seem wise to further investigate the problem in 
farm animals. 
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* Summary 


The gross and microscopic anatomy and the iodine content of thyroid 
glands from 338 newborn lambs and 407 newborn pigs were studied in three 
central Indiana sheep flocks and two swine herds. 

In one sheep flock fed a commonly used ration not supplemented with 
iodine the average thyroid weight was 5.71 gm. and ranged from 0.90 gm. 
to 49.15 gm. Hyperplasia of the thyroid epithelium was observed in over 60 
percent of the glands and the iodine content of only three of 147 thyroids 
fell within the reported normal range (0.10 to 0.25 percent on a dry weight 
basis). The average iodine content was 0.021 percent in this flock. 

Ina second flock when stabilized iodized salt was fed only one of 86 glands 
was hyperplastic, only 14 weighed more than one gram and none exceeded 
1.8 gm. Iodine content ranged from 0.126 to 0.721 percent and only three 
glands contained less than 0.20 percent. 

In one swine herd fed a ration not supplemented with iodine of 111 glands 
studied 39 percent contained only a trace of iodine, 45 percent showed only 
a trace of stored colloid and over 30 percent were hyperplastic. When sta- 
bilized iodized salt was used only five of 106 glands weighed more than 0.47 
gm., only 14 contained less than 0.20 percent iodine and none was hyper- 
plastic. 

There were highly significant differences in thyroid weight and iodine 
content of newborn lambs and pigs when different rations, not supplemented 
with iodine, were fed. 

There were highly significant differences between the thyroid glands of 
newborn lambs and swine when iodine supplemented rations for the preg- 
nant dams were compared to non-supplemented rations. 

Significant correlations of —0.646 in sheep and —0.525 in swine between 
iodine content and height of the thyroid epithelium were found. Significant 
correlations of —o.321 and —o0.350 were found between iodine content 
and thyroid weight in lambs and pigs respectively. 
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EFFECTS OF SOME ENVIRONMENTAL FACTORS ON 
TRAITS OF YEARLING AND MATURE 
RAMBOUILLET RAMS 


Crair E. Territt,! G. M. Sipwett? ann L. N. Hazex? 


United States Department of Agriculture 


N SELECTING breeding rams it is often necessary to discriminate be- 

tween rams born in different years or raised under different environmental 
conditions in the same year. The differences caused by these environmental 
effects may obscure genetic differences. Accuracy of selection for genetic 
merit or breeding value may then be increased by first correcting or adjust- 
ing for measurable environmental effects. 

The purpose of this study was to determine the effect of age of dam, type 
of birth, year of birth, age at shearing and inbreeding on yearling traits of 
Rambouillet rams. Factors which had important effects on yearling traits 
were also studied on older rams. The traits studied were grease fleece 
weight, clean fleece weigh, staple length, body weight, body type, condition 
(degree of fatness), face covering and neck folds. 


Data and Methods 


The data used in this study were taken on 499 yearling rams born during 
the years from 1941 to 1945, 165 2-year-old rams born during the years from 
1941 to 1944, and 69 3-year-old rams born from 1941 to 1943. Considerable 
selection had been practiced on each age group since about 25 percent of 
lambs weaned were studied at yearling age, 11 percent at two years of age 
and 6 percent at 3 years of age. Rams included in the first two years were 
also studied as weanlings (Hazel and Terrill, 1945). 

Staple length was measured and scores for face covering were taken just 
prior to shearing by a committee of three men working independently. 
Fleeces were weighed on the shearing floor and body weights were taken 
immediately after shearing. Clean fleece weights were estimated from the 
clean yields of small side samples (about 35 grams) and grease fleece weights. 
Scores for body type, condition and neck folds were taken by a committee 
of three men a few days after shearing. The scoring system was the same for 
the four traits evaluated by scoring; rams with highest merit were given a 
score of 1 and those with lowest merit a score of 5. Fifteen possible scoring 
units were obtained by assigning plus or minus values where merit appeared 
to be slightly above or below the whole unit. 

! Western Sheep Breeding Laboratory, Dubois, Idaho. 


2 Present address, Southwestern Range & Sheep Breeding Laboratory, Ft. Wingate, New Mexico. 
3 Present address, Animal Husbandry Department, Iowa State College, Ames, Icwa. 
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The analysis was carried out as suggested by Yates (1934) for multiple 
classification tables with unequal numbers, except that the method was 
extended according to the least squares procedure to include age at shearing 
and percent inbreeding as independent variables (Hazel, 1946). The age at 
shearing which averaged 418 days, was used in the analysis as the age at 
which each of the traits was measured. The coefficient of inbreeding ranged 
from o to 48 percent with an average of 8.5 percent. Classifications were 
made for age of dam (mature and 2-year-old dams), type of birth (singles, 
twins and twins raised singly), and year of birth (1941 to 1945, inclusive). 


Results and Discussion 


The means, standard deviations within classes, differences due to age of 
dam, type of birth, and year, and the regression of each trait on age at shear- 
ing and percent inbreeding are summarized in table 1. Many of the differ- 
ences, although. statistically significant, were too small to be important, 


TABLE 1. STATISTICS FOR YEARLING TRAITS OF RAMBOUILLET RAMS 


























| | | | 
| Grease | Clean . | Face 
Statistic | fleece | fleece : = zee! Type | Cul cover- — 
| weight | weight! lengt weight | tion ie ‘olds 
| Ibs. | Ibs. cms. Ibs. | score score score | score 
Mean | 11.64 | 4.85 7.93 126.1 2.07 2.00 4.67 | 1. 65 
Standard deviation | 1.48 -76 1.11 11.8 37 -28 441 |. 
| | 
Mature minus 2-year-old dam | -40 | .28 “13 1.9 +03 ‘Gae-: -06 | .02 
Single minus twin | 43 | 27° -14 4-4 —.0§ —.07 +09 Cf 
Single minus twin raised singly | 21 | .19* -18 1.4 —.07 —.0§ —.03 -O1 
| 
Deviation from average 1941 | — .04* | .36* | —.42° a. aii ar” | .O1 -36* 
for year of birth 1942 | 1.12* 17° 10* 10.3* —.05* o5* | —.13 | —.o1* 
1943 | -17* coc® 31° 5.2% | —.03* | —.12* 04 .05* 
1944 | .55* | —.34* | —.08* | — 1.0% —.10*% | —.11* .02 | —.19* 
1945 | —1.80* | —.50* .o9* | —14.7* —.17* | —.04* 06 | —.22* 
| | 
Regression on age at shearing | 040") -021* 020 | -156 +002 | = .001 | —-00,' —.0cr 
Regression on percent inbreeding | — 0579) —.020°| —.003 | — - 556") +010", = .006*| 006! —.004 
' ' U 


| | 


| 





1 The clean fleece weights were practically free of moisture since the samples were dried in a conditioning oven at 
212° F. for 6 hours, whereas clean wool on a commercial basis contains 12 percent moisture. 
* Signifies that the statistic is large enough to account for 2 percert or more of the total variance in that trait. 


since they accounted for relatively small percentages of the total variation. 
Those large enough to account for two percent or more are designated by an 
asteris« (*) in table 1. The mean squares and the percentages of the total 
variance in each trait which could be attributed to the combined effects of 
all factors studied are presented in table 2. 
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TABLE 2. SUMMARY OF ANALYSIS OF VARIANCE FOR EACH OF 
THE YEARLING TRAITS OF RAMBOUILLET RAMS 


















































eniend 7 Mean squares 
ara wad Pi Grease Clean | | | | _ | Face 
sneer: ed fleece fleece | a | = Type Condi- cover- = 
weight weight | 8 | weignt | | ee ing — 
| Ibs. Ibs. cms. Ibs. | score | score score score 
Total 498 3.53 -8 1.31 246 | -17 | .09 | +30 1§ 
Age of dam I 8.34 4.06T 84 186 +04 -OO1 19° | .03 
Type of birth 2 7.78* 3.22T | 1.35 811f | .20 -20 -40 +10 
Year of birth 4 106.42¢ | 13.57t | 7.74T 7,414 | 4.16 | 1.80T -47 5.31T 
Age of shearing I 34.22T 0.o4t | 8.41T 517 .07 03 1.01 .02 
Percent inbreeding 1 133.94¢ | 17.37T +44 12,837t 4.10T 1.30T 1.68T -77t 
Within main classes | 489 2.19 | .58 1.23 139 -14 .08 -29 +10 
Percent of total variation | | | | 
accounted for | 39 26 | 8 44 | 33 21 | 4 36 








* Signifies probability of chance occurrence <.05. 
t Signifies probability of chance occurrence <.o1. 


Grease fleece weight 


Years, inbreeding, age at shearing, and type of birth each had signifi- 
cant effects on grease fleece weight accounting for 24, 8, 2, and 1 percent, 
respectively, of the total variance. Adjustments should be made for in- 
breeding and possibly age at shearing before selections for breeding are 
made. 

The range in grease fleece weights for the 5-year period was 2.9 pounds. 
Single rams produced fleeces weighing 0.4 pound more than twins and 0.2 
pound more than twins raised as singles. Ram offspring of mature dams had 
0.4 pound greater grease fleece weight than those from 2-year-old dams but 
this difference was not significant. Both type of birth and age of dam had 
less effect on grease fleece weight of rams than of ewes (Hazel and Terrill, 
1946). The better feed and care accorded the rams apparently enabled them 
to better overcome these handicaps. Rams usually receive supplemental 
feeding of grain from weaning to 1 year of age. 

The regression of grease fleece weight on age at shearing of 0.040 pound 
was greater than that for yearling ewes (Hazel and Terrill, 1946) and also 
greater than the average daily growth from birth to shearing of 0.025 pound. 
These differences were also in the same direction for Columbia and Targhee 
rams and ewes (Terrill et al. 19474, 1947b) presumably due to the heavier 
flzece weights of the rams. 

Grease fleece weights decreased as inbreeding increased, the average 
change being —o.057 pound with each percent in inbreeding. This effect 
was much greater than for yearling Rambouillet ewes (Hazel and Terrill, 








314 C. E. Terri, G. M. Smwett anp L. N. Hazer 


1946) or yearling Columbia and Targhee ewes and rams (Terrill et al. 1947¢, 
1947b). 


Clean fleece weight 


Environmental factors had similar effects on clean fleece weight as on 
grease fleece weight but generally to a lesser degree. All factors studied had 
significant effects but those for years and inbreeding were most important 
accounting for 14 and 4 percent, respectively, of the total variance. Correc- 
tions of yearling records of clean fleece weight should be made for inbreeding 
and possibly for type of birth and age at shearing. 

The range of clean fleece weights for the 5-year period was 0.9 pound. 
Offspring from mature dams produced 0.3 pound more clean fleece weight 
than those for 2-year-old dams. Single rams produced 0.3 pound more than 
twin rams and 0.2 pound more than twins raised as singles. These are 
similar to the corresponding differences for yearling ewes. The average clean 
fleece weight for rams is much closer to that of the ewes than is grease fleece 
weight (Hazel and Terrill, 1946). 

The regression of clean fleece weight on age at shearing was 0.02 pound 
per day. It had similar relationship to that for ewes and to average daily 
growth, as grease fleece weight. The regression of clean fleece weight on 
inbreeding of —0.02 pound was also greater than for yearling ewes (Hazel 
and Terrill 1946). 

It is noted that environmental factors have a greater effect on grease 
fleece weight than on clean fleece weight. This was also true of Columbia and 
Targhee rams (Terrill et al. 1947b). This was largely due to the effect of 
years. Clean fleece weight is a part of grease fleece weight. Therefore, the 
yearly variation in grease fleece weight is due in part to variation of clean 
fleece weight and in addition to more or less independent variations in grease, 
dirt, moisture and other impurities which are contained in the grease fleece 
weight. 


Staple length 

Years and age at shearing were the only two environmental factors having 
significant effects on staple length. Years accounted for 5 percent of the the 
total variance while age at shearing accounted for only 1 percent and there- 
fore is of little importance. 

The differences observed for staple length were consistent with those 
for grease fleece weight and clean fleece weight. Offspring of mature dams 
and single rams had longer staple than offspring of 2-yearold dams and 
twin rams, respectively. The regression on age at shearing of 0.020 centi- 
meter was greater than for yearling ewes (Hazel and Terrill, 1946) and was 
slightly greater than the average daily growth from birth to shearing of 
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0.017 centimeter. The regression of staple length on inbreeding of —0.003 
centimeter was identical with that for weanling lambs (Hazel and Terrill, 
1945) but less than that of —o.009 for yearling ewes (Hazel and Terrill, 
1946). 


Body Weight 


Environmental factors had the greatest effect on body weight of any of the 
traits studied, accounting for 44 percent of the total variance. Years, in- 
breeding and type of birth had significant effects on body weight accounting 
for 24, 10 and 1 percent, respectively, of the total variance. The effect of 
inbreeding is of sufficient importance to warrant adjustment before yearling 
selections are made. 

The range in body weight over the 5-year period was 25 pounds. Offspring 
from mature dams weighed 1.9 pounds more as. yearlings than those from 
2a-year-old dams. Single rams weighed 4.4 and 1.4 pounds more, respectively, 
than twins and twins raised singly. The regression of body weight on age 
at shearing was 0.156 pound which was much greater than that of 0.031 
pound for yearling ewes (Hazel and Terrill, 1946) but was much less than 
the average daily growth of rams from birth to shearing of 0.299 pound. 

Inbreeding had a greater effect on body weight than on any other trait. 
The regression of body weight on inbreeding was —0.556 pound, about 
double that for yearling ewes (Hazel and Terrill, 1946). This difference prob- 
ably was due to the heavier weight of the rams (126 pounds) as compared 
with the ewes (82 pounds). 


Body type and condition 


Years and inbreedinz were the only factors having important effects on 
type and condition. Both traits gave an indication of a trend toward better 
scores in more recent years. This may indicate a change in scoring standards. 
Single lambs were given slightly better type and condition scores than twin 
lambs. Both traits became poorer with inbreeding. Type and condition 
scores should be adjusted for inbreeding before selections are made. 


Face covering 


Environmental factors had the least effect on face covering of any of the 
traits studied, accounting for only 4 percent of the total variance. None of 
the factors studied had an important effect on face covering. The results for 
yearling ewes were very similar (Hazel and Terrill, 1946). 


Neck folds 


Yearly differences were the only important source of variation in neck 
folds, accounting for 28 percent of the total variance. Some trend toward 
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fewer and smailer neck folds was indicated since the first year had the 
highest score for folds and the last year the lowest. This trend probably was 
due to genetic change since intense selection for absence of neck folds was 
being practiced during these years. 


Differences between rams and ewes 


It is often desirable to convert the records of one sex to those of the other. 
After weaning age the difference between rams and ewes may be due to sex 
differences, differences in feed and management, and differences in the inten- 
sity with which selection is practiced on the two sexes. It is usually not 
possible to separate the effects of these factors. Sex was an important cause 
of weanling differences (Hazel and Terrill, 1945). Rams are usually given 
better feed and care than ewe lambs from weanling age on, and it is expected 
that this would give considerable advantage to rams, particularly for such 
traits as fleece or body weight. The selection differential for rams would 
probably be at least twice that for ewes where about 25 percent of the ram 
lambs and 65 percent of the ewe lambs are retained, although for some traits 
it might be considerably higher. 

Comparable data for yearling Rambouillet rams and ewes are given in 
table 3. The averages for rams were obtained from table 1, using only the 
data for 1941 and 1942. The averages for ewes were obtained from table 1 
(Hazel and Terrill, 1946) using only data from group A as no rams were 
saved from group B. The ram average for 1941 was used for clean fleece 
weight since data for that trait were available only for ewes born in 1941. 


TABLE 3. MEANS FOR YEARLING TRAITS OF 
RAMBOUILLET RAMS AND EWES 

















pa l l l 
Goer. Conn | Staple | Body | Condi- | Face Neck 
Sex fleece | fleece | mane ‘ght Type ; z fold 
weight | weight? | ength | weig' | tion | covering} folds 
lbs. Ibs. | cms. | Ibs. score | score score score 
Ram! | 12.18 5.21 7.77 | 131.30 | 2.22 | 2.13 4.61 1.84 
Ewe? 8.36 4.02 6.88 84.70 | 2.14 | 2.16 4-77 1.80 

Ram minus | 

ewe 3.82 1.19 .89 46.60 .08 | — .03 —.16 .04 























1 Averages obtained from table 1 using data for rams born in 1941 and 1942. 
2 Averages obtained from table 1 (Hazel & Terrill, 1946) using data from group A. 
3 Clean fleece weight used for rams and ewes born in 1941. 

Yearling rams excelled ewes for every trait studied, except type and neck 
folds. Rams had only slightly poorer type and more neck folds than ewes. 
The greatest diflerences were found for body weight and grease fleece 
weight. 
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Differences in yearling rams and ewes may be compared with sex differ- 
ences at weanling age in table 2 (Hazel and Terrill, 1¢45). Differences be- 
tween rams and ewes in body weight were much greater at yearling age. 
Differences for staple length, face covering and condition were reversed at 
yearling as compared with weanling age. The difference between rams and 
ewes in face covering was less at yearling than at weanling age. It is appar- 
ent that the faces are more covered at yearling than at weanling age. The 
difference between rams and ewes in neck folds was less at yearling than at 
weanling age. The incidence of neck folds increased slightly from weanling 
to yearling age. 


Effect of environmental factors on 2- and 3-year-old rams 


Jt is essential to determine what effect the environmental factors which 
have important effects on yearling traits have after yearling age. This is 
most important for rams where lifetime records are used in selection. The 
effect of years and inbreeding on grease fleece weight, clean fleece weight, 
body weight, type and condition were studied on 2- and 3-year-old rams. The 
study was not made with rams older than 3 years because of the sma!] num- 
bers available. 

The effect of years was roughly similar for 2- and 3-year-old rams as for 


TABLE 4. THE REGRESSION COEFFICIENTS OF INBREEDING ON 
SOME TRAITS OF 2- AND 3-YEAR-OLD RAMS 





Grease Clean 





Age of ram fleece fleece nen Type Condition 
weight weight bata ct 
Ibs. Ibs. Ibs. score score 
2 years — .050 — .020 —.519 .009 006 
006 007 


3 years — .064 — .023 — .660 





yearlings, although the proportion of the total variance accounted for de- 
creased somewhat when fewer years were included. The variation due to 
years is so great that records obtained in different years should be adjusted 
for average yearly differences before comparisons are made. These yearly 
variations are particularly confusing when it is desirable to compare all of 
the population of each year to measure genetic change. 

Inbreeding had a significant effect on grease fleece weight, clean fleece 
weight, body weight, type and condition of 2-year-old rams and on grease 
fleece weight and body weight of 3-year-old rams. The regression coefficients 
are presented in table 4. These are similar to those for yearling traits in table 
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1. The importance of inbreeding on these traits as measured by the propor- 
tion of the total variance accounted for was very consistent for the 3 age 
groups. The effect of inbreeding was fairly consistent for each age group. 
Where differences in inbreeding exist lifetime averages of the traits affected 
by inbreeding should be adjusted before comparisons are made. The use of 
the regression for yearling traits for all ages appears to be sufficiently accurate 
for practical purposes. 


Application of Results 

Selection of breeding rams may involve comparing individual records 
made under varying environmental conditions as in different years. The 
superiority of the selected ram may be due to more favorable conditions in 
the year his record was made rather than to any genetic advantage. Con- 
fusion of environmental advantage as genetic gain will reduce the effective- 
ness of selection to produce genetic improvement. Thus accuracy of selection 
may be increased by adjusting for important environmental effects before 
selections are made. 

This study shows that years and inbreeding had the most important 
effects on the Rambouillet ram traits studied. Records may be adjusted for 
yearly changes by adding to or substracting from each individual record the 
difference between the average of all individuals for that year and the aver- 
age of all individuals for a number of years or some other arbitrary base. It 
is convenient to adjust for age and year at the same time in obtaining life- 
time averages. Correction for inbreeding should be made on the lifetime 
average as inbreeding has a fairly uniform effect on each record during the 
lifetime. Examples of adjustments of yearly ram records are given as fol- 
lows: A Rambouillet ram born in 1945 with a coefficient of inbreeding of 
10 percent had a grease fleece weight of 16.4 pounds at an age of 410 days,. 
which was adjusted as follows: 

16.4+1.80+(8)(.04) -+(10)(.05'7) = 19.1 pounds = adjusted grease 
fleece weight. 
The 1.80 pounds was added because all rams born in 1945 were that much 
below average (table 1). The ram was 8 days younger than average so the 
regression of .o4 pound for each day of age was added. Then the average 
loss from inbreeding was added for each percent of inbreeding. Type of birth 
and age of dam were disregarded as these did not have important effects on 
grease fleece weight. A non-inbred ram born in 1942 with a grease fleece 
weight of 18.0 pounds at an age of 430 days would be adjusted as follows: 


18.0 — 1.12 —(12)(.04) = 16.4 pounds = adjusted grease fleece weight. 


Thus the latter ram which produced a heavier fleece would actually have a 
lower potential for fleece weight when environmental effects are considered. 
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Summary 

The effects of age of dam, type of birth, year of birth, age at shearing and 
percent inbreeding on grease fleece weight, clean fleece weight, staple length, 
body weight, type, condition, face covering and neck folds were studied on 
499 yearling Rambouillet rams born from 1941 to 1945. Differences between 
yearling rams and ewes were determined by comparing part of the ram data 
with data studied previously on comparable yearling ewes. The effect of 
years and inbreeding on grease fleece weight, clean fleece weight, body 
weight, type and condition were studied on 165 2-year-old rams and 69 3- 
year-old rams. 

Differences between years had the most important environmental effect 
upon yearling Rambouillet ram traits of any factor studied followed by in- 
breeding. Type of birth, age of dam and age at shearing did not have impor- 
tant effects on yearling Rambouillet ram traits with the possible exception 
of age at shearing on grease and clean fleece weights and type of birth on 
clean fleece weights. 

Differences among years were greatest for neck folds, body weight and 
grease fleece weight. Inbreeding had important effects on body weight, 
grease fleece weight, clean fleece weight, type score and condition score. 
Each of these traits became poorer with inbreeding. Staple length and face 
covering were least effected by environmental factors of the traits studied. 

Yearling rams excelled ewes for every trait studied except type and neck 
folds, and in these traits the differences were slight. The greatest differences 
were found for body weight and grease fleece weight. 

Yearly differences continued to be important for traits studied on 2- and 
3-year-old rams. The effect of inbreeding on these groups was similar to its 
effect on yearling rams. The accuracy of selecting rams can be increased by 
adjusting their records for differences in years and inbreeding. 
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AN APPLICATION OF THE BALANCED LATTICE DESIGN 
IN A FEEDING TRIAL WITH SWINE!? 


Ratpu E. Comstock, WALTER J. Pererson AND H. A. STEWART 
North Carolina Agricultural Experiment Station 


HE familiar practice of “balancing” the treatment groups of a feeding 

trial must be based on factors actually associated with future perform- 
ance if it is to be effective in reducing experimental error. Miranda et al. 
(1946) used growth rate data in a study of the importance of the tangible 
factors available as bases for allotment in swine feeding trials. They found 
that 21 percent of the total variance in their data was associated with breed 
differences, that litter differences accounted for 29 percent of the total 
variance or 3'7 percent of the variance within a breed, and that 9 percent of 
the variance within litters resulted from the difference between sexes. The 
intra-litter correlation between initial weight and rate of gain was .24. 
Squaring this correlation gives the proportion of intra-litter variance in 
growth rate associated with initial weight, approximately 6 percent. They 
conclude it is well worthwhile to consider breed and litter in allotment but 
that the further reduction of experimental error resulting from attention to 
sex and initial weight is too small to be of practical importance. They point 
out that whatever benefit would accrue from attention to initial weight can 
be attained by statistical adjustment using covariance techniques. 

Miranda and coworkers refer to other reports substantially in agreement 
with them on the magnitude of the sex difference; and supporting evidence 
for the approximate importance of litter differences can be found in reports 
on the partition of total variance in growth rate of swine such as those of 
Baker et al. (1943) and Nordskog et al. (1944). 

The conclusion to be drawn from the foregoing is that in the usual case 
where litters are handled intact prior to use in a feeding trial, little is to be 
gained by conscious attention in allotment to any factor except litter. If the 
treatment groups are balanced with regard to litter, balance relative to breed, 
age, and pre-trial environment is automatic. The only tangible factor neither 
considered in allotment nor susceptible to statistical adjustment by routine 
techniques will then be sex which is responsible for only a negligible portion 
of the total error variance. 

The treatment groups can be perfectly balanced with respec: to litters if 
the number of rations for comparison does not exceed the size of litters avail- 
able for use. In practice five or six will ordinarily be a maximum and not 

1 Contribution from the Departments of Experimental Statistics and Animal Industry, North Carolina Agricultural 


Experiment Station. Published with the approval of the Director as Paper No. 273 of the Journal Series. 
2 This investigation was aided by a Swift & Company fellowship. 








StTaTisTICAL DgsicN oF Swine Feepinc TRIALS 321 


infrequently a large proportion of litters will contain no more than four 
pigs suitable for experimental use. Miranda and coworkers suggested that 
in cases where larger numbers of rations are to be compared allotment might 
be based on the principle of the incomplete block designs, but stated that 
to their knowledge these designs had not been used in feeding trials. 

The purpose of this paper is to report the use of a lattice design in a swine 
feeding experiment and to discuss the general applicability of such designs in 
this type of work. 

In the course of a series of experiments concerned with the nutritive 
deficiencies of soybeans the authors wished to compare eight rations com- 
prising a 2X2 X2 factorial set. Litters of eight healthy pigs each were not 
available so it was decided to use a 3 X 3 balanced lattice design (see Goulden 
1944) so that litter differences could be eliminated as a source of experimental 
error. This is a design for 9 treatments, hence another was added to the 
original eight. It was not a “dummy” treatment but was chosen to add to 
the nutritional information to be-obtained from the experiment. The rations 
are described and the nutritional significance of the results are discussed 
elsewhere in this Journal (Peterson et al. 1948). 


The Experimental Design 


An incomplete block design is one in which the number of experimeatal 
units in a block is less than the total number of treatments being compared. 
The lattices form a sub-group in which block size is the square root of the 
number of treatments. The arrangement of the 3 X3 balanced lattice is given 
in table 1 together with the data (average daily gains in body weight) ob- 
tained in the experiment to be described. The blocks are designated as in- 
complete since each contains only 3 of the 9 treatments, in this case rations, 
being compared. Note that each treatment occurs once in the same incom- 
plete block with each of the other treatments. For example treatment 1 is in 
the same block with 2 and 3 in replication I, with 4 and 7 in replication II, 
with § and 9g in replication III, and finally with 6 and 8 in replication IV. 
This is the distinguishing feature of balanced lattices as compared to those 
in which replication is insufficient to permit such symmetry. 

The experimental unit in this trial consisted of two pigs fed in the same 
pen, hence six pigs were required for each block of three pens. The six pigs 
of a block were made up of two sets of three uniform littermates: each set 
was distributed one pig to each pen of the block. The sets were paired in 
blocks on the basis of initial weight to avoid having pigs of widely different 
size together in a pen. As a consequence it happened that while two sets of 
three pigs were obtained from some litters they were in no case put in the 
same block. The three pens of each block were situated adjacent to each 








322 R. E. Comstock, W. J. Peterson anp H. A. Stewart 


TABLE 1. ARRANGEMENT OF THE 3X3 BALANCED LATTICE DESIGN AND 
GROWTH RATE DATA FROM THE EXPERIMENT DESCRIBED 


























IN THE TEXT 
Block 1 | Block 2 Block 3 

Bag "| Treat Daily gains Treat-| Daily gains P Treat-| Daily gains Pea 

= ment Pen ee ————— en | ment |——————— 
No. | Pigt | Pig 2 total | No. Pig x | Pig 2 total | No. Pigr | Pig2 total 

' | | 

I 1 1.22 | .98 | 2.20 4 1.08 -97 | 2.05 7 -35 38 “713 
2 1.11 +73 | 1.84 | 5 -56 +29 .85 8 -97 -63 | 1.60 
3 1.24 | .04, 2.18 | 6 1.02 84 1.86 9 65 | 1.12] 1.76 
SO mews ey cee roy een ae eee diniiahe | “ictagabh iE seheat, 
Totals 3-57 | 2.65 -22 2.66 2.10 4-76 1.97 2.12 4-09 
id) ama” 91 80} 1.71 2 1.13 -63 | 1.76 1 -91 -gc |} 1.81 
4 91 -66 | 1.57 6 1.09 | 1.07 | 2.16 5 "9 -67 | 1.16 
8 64 9 | 1.13 7 1.27 -53 1.80 9 9c 61 1.11 
Totals 2.46 | 1.95 | 4.41 3-49] 2.23] 5.72 t.9¢ | 2.18] 4.08 
Ill I 38 81 1.19 2 | 1.06 | .1.20 | 2.26 3 1.06 | 1.06] 2.12 
4 14 46 | 1.20 5 26 -81 | 1.07 6 1.08 -95 | 2.03 
7 | 54 61} 1.15 8 8 -97 | 1.45 9 -76 -87 | 1.63 
Totals 1.66| 1.88] 3.54 1.80 | 2.98] 4.78 2.90 | 2.88] 5.78 
IV 3 -97 | 1.07 | 2.04 2 -go -60 | 1.50 1 71 1.06 | 1.77 
5 -60 33 93 4 67 93 | 1.60 6 “71 -86 | 1.57 
7 1.08 -70| 1.78 9 -56 -86 | 1.42 8 -77 -66 | 1.43 
Totals 2.65 | 2.10] 4.75 2.13 | 2.39 | 4.52 2.19 | 2.58 | 4.77 






































Grand Total = 57.42 





other in the feeding barn and were similar in every physical respect. 

Within each replication the three sets of rations were assigned at random 
to the blocks and within each incomplete block the rations were assigned at 
random to the pens of the block. This is the randomization scheme appropri- 
ate to the design. 


Analysis of Data 


In all incomplete block experiments treatment and block effects are par- 
tially confounded, though in a manner that permits appropriate mathematical 
adjustment of the treatment means. Thus the data of incomplete block 
experiments must receive statistical treatment if the value of the design for 
furnishing more precise estimates of treatment effects is to be realized. This 
is in contrast to simpler designs such as the randomized block where the raw 
treatment means furnish the best estimates of the treatment effects and 
statistical analysis is performed only to yield a test of significance or the con- 
fidence limits of observed treatment differences. 
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The computational procedure for the analysis of variance for an ordinary 
balanced lattice experiment has been outlined by Wellhausen (1943). If 
interest in the data of this paper centered only on the differences between 
rations the analysis would have been made exactly as he described using 
either the pen totals or means as the unit variables. However, for the pur- 
poses of this paper it was desired to partition the intra-pen sum of squares 


TABLE 2. VALUES TABULATED PRELIMINARY TO COMPUTATION OF THE 
SUM OF SQUARES FOR BLOCKS ADJUSTED FOR TREATMENT EFFECTS 




















| 
Treatment | —— Ts WwW 
I | 6.97 18.61 3.89 
2 7.36 21.24 —5.46 
3 | 8.05 21.16 —3.07 
4 6.42 17.23 7.76 
5 | 4.01 18.37 —4.03 
6 | 7.62 21.03 —3.84 
7 5.46 18.10 1.40 
8 | 5.61 18.05 2.05 
9 5-92 18.47 1.30 
| 
Totals 577.42 | 172.26 | 0.00 





into that arising from variation between litters in the same block and the 
residual arising from variation among littermates and interactions (if any) 
of litters and rations. The arithmetic procedures of the analysis of variance 
(table 3) are given below. Computations leading to the sums of squares 
for the first four rows of the analysis of variance are exactly as described by 
Wellhausen except that all divisors are multiplied by two, the number of 
animals per pen. 
The total, replication, and unadjusted treatment sums of squares are 
computed in the familiar fashion. 
Total S.S. =(1.22)?+-(.98)?+- - - - (.66)?—C= 4.5648 
“sii (15.07)+ - - - (14.04? 
Replication $.S. = —C=.0387 
18 
(4.01)?-+(5.92)?-+ - - + (5.46) 
Treatment §.S. = - —C=1.6131 


where C is the correction factor, 57.42/72. (See table 2 for treatment 
totals.) 
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The adjusted block sum of squares is computed using values listed in the 
W column of table 2. The T;’s of table 2 are the totals for the four blocks 
in which each of the treatments were used. For example treatment 1 was 
used in block 1 of replication I, block 3 of replication II, block 1 of replica- 
tion III, and block 3 of replication IV. The total for those blocks is 18.61, Ts 
for treatment 1. The W’s are computed as follows: 


W=kT—(k+)T+G 


where k is the number of treatments per block, in this case three; T is the 
appropriate treatment total; and G is the grand total. W for treatment 1 is 


(3 X6.97) — (4 X 18.61) +57.42 = 3.89. 


As computational checks note that the T; column should add to kG and the 
W column to zero. 

The adjusted block sum of squares is computed from the W's as 
SW?/k(k+1), which in this instance is 


(3.89)? +(—5.46)?+ - - - (1.30) 
108 
The sum of squares for “residual among pens” is the total pen sum of 


squares less those for replications, treatments, and blocks 


(2.20)? +(1.84)? + - - - (1.43)? 
Pen S.S. = —C=2.9805. 
2 





=.7103 





Residual S.S. among pens = 2.9805 — .0387 — 7103 — 1.6131 = .6184. 


The sum of squares for litters within blocks is computed as would be ex- 
pected, 
(3-57)? +(2.65)? + + > - (2.58)? (6.22)? +(4.41)? + + - - 4.77) 


3 6 


= 8453 





Finally the sum of squares for “residual within pens” is the total sum of 
squares less those for the first 5 rows of the analysis of variance table. 
The effective error variance* is computed as E.1-+kyu) where 


E,—E.  .0888—.0386 
= = 
kK(r—1)E, 3X3 X.0888 


E, is the mean square for “residual among pens,” E, is the mean square for 


= 0628, 





3 The effective error variance, i.e., the error variance appropriate for use with the adjusted treatment means, is 
necessarily larger than the mean square for “residual among pens.’ The factor, 1-+ky, takes account of the errors 
introduced by adjustment of the means for block differences. 
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TABLE 3. ANALYSIS OF VARIANCE OF THE GROWTH RATE DATA 


























Source of variance | >: DB. Some of | Mesn 
squares squares 
Among pens: 
Replications 3 .0387 .0129 
Blocks in replications 
(adjusted for treatments) 8 .7103 .0888 
Treatments (unadjusted) 8 1.6131 -2016 
Residual among pens (error) 16 6184 .0386 
Within pens: 
Litters within blocks 12 8453 0704 
Residual within pens 24 .'7390 .0308 
Total 71 4.5648 
Effective error variance 0459 





blocks adjusted for treatments, r is the number of replications, and k is 
pens per block. 

Adjusted means are computed by adding uW to the observed treatment 
total and dividing by pigs per treatment. Thus the adjusted mean for treat- 
ment 2 is 





7.36-+(.0628)( — 5.46) 
= .88 


8 
The treatment means, before and after adjustment for block differences, are 
presented in table 5 together with the standard errors of the adjusted means 
and of differences between them. For the most part the adjustments were 
not large, though one difference, that between 2 and 4, was altered by .10 lb. 
gain per day. 
Results and Discussion 


In the event that a lattice design has been effective in bringing more of the 
variation of the experimental material under control than would otherwise 
have been possible, the mean square for blocks in the analysis of variance is 
larger than the error mean square. This was true in the present case, the 
block mean square being roughly two and one-third times the size of that 
for “residual among pens.” 

The apparent advantage of a specific experimental design relative to an- 
other is frequently summarized in a figure called the “relative efficiency” 
of the design. Relative efficiency is the estimated error variance of the refer- 
ence design expressed as a percentage of the observed error variance of the 
design in question. In the present instance the alternative would have been 
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a randomized complete block type of experiment, in which isolation of litter 
variance would not have been possible. The error variance, had the experi- 
ment been conducted using the same material in randomized complete blocks, 
is estimated in an unbiased fashion (Yates, 1939) by a mean square com- 
puted from the pooled sums of squares for blocks and residual among pens; 
the figure is .0554. It is 121 percent of the effective error variance of the 
experiment as actually conducted, i.e., the relative efficiency of the lattice 
design was 121. 

The magnitude of litter variance, the contribution of intra-block “pen 
effects” to error variance, and the variance isolated between incomplete 
blocks can be estimated, though not with great precision, from the analysis 


TABLE 4. VARIANCES ESTIMATED BY SELECTED MEAN 
SQUARES OF THE ANALYSIS OF VARIANCE 


Mean square 








| Variance estimated 





Blocks in replications A+2C+-2D 

2 
Residual among pens A+2C 
Litters within blocks A+3B 
Residual within pens A 





A is the variance among littermates raised in the same pen, plus the variance, if any, arising 
from interactions of litters and rations. 

B is the difference between the variances of littermates and of non-littermates, i.e., the 
variance due specifically to litter differences. 

C is pen variance, the diffzrence between the variances of littermates raised in the same 
pen and of littermates raised in different pens within the same block. 

D is block variance, the difference between the variances of littermates raised in different 
pens of the same block and of pigs raised in different blocks. 





of variance. Table 4 indicates the variance or combinations of variances 
estimated by the four mean squares that furnish this information. 
The actual mean squares (table 3) furnish the estimates listed below. 





Components of Variance Estimates 
A .0308 
B (.0704-.0308)/3 = .0132 
Cc (.0386-.0308)/2 =.0039 
D (.0888-.0386)/4.5= .0112 


The proportion of the total variance among pigs that arises from litter differ- 
ences is estimated as .0132/(.0308-++.0132) =.30. The estimate of block vari- 
ance is of particular significance. If litter differences had been the only source 
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of block variance and littermate sets had been distributed randomly to the 
blocks, D would equal B/2. Under those assumptions, another estimate of 
litter variance as a fraction of the total, .0224/(.0308-+.0224) =.42, is ob- 
tained. 

The intra-block correlation of initial weight and growth rate was almost 
zero and far from statistical significance. This was to be expected since the 
original allotment of pigs was directed at reducing the variation within each 
littermate set to a minimum with the consequence that intra-block pen to 
pen variation in initial weight was extremely small. If block size had been 





TABLE 5. ADJUSTED AND UNADJUSTED TREATMENT MEANS 

















Treatment No.* | Means (bs. gain in weight per day) 
| Unadjusted | Adjusted 

1 (5) .87 -90 

2 (6) 92 . 88 

3 (7) 1.01 .98 

4 (4) .80 .86 

5 (1) x0 47 

6 (8) a) | 92 

7 (9) .68 .69 

8 (3) -70 | 72 

9 (2) 14 | 75 
Standard error of adjusted means | .076 
Standard error of the difference between two means | .107 





* The numbers in parentheses are those used by Peterson et al. (Tuts Journat) in their discussicn of the nutri- 
tional aspects of this experiment. Those used in this paper were randomly assigned numbers used in the conduct 
of the experiment. 


great enough so that a set required most of the pigs of a litter, less intra- 
block uniformity would have been possible and statistical adjustment for 
variations in initial weight might have been of slight value. 

While an analysis of data on feed required per unit gain in weight did not 
indicate a gain in precision from use of the lattice design, those results cannot 
be considered critical in view of the manner in which the experiment was 
conducted. Ordinarily the increased length of growing period of slow grow- 
ing pigs means an increase in the ratio of total feed required for maintenance 
to feed required specifically for growth and a correspondingly high gross 
feed cost per unit gain. In this case, however, all pigs were fed an equal 
number of days and the unfavorable effect of slow growth on gross feed 
cost of gain was partially oftset by reduced maintenance cost due to lower 
average weight of the slow growing individuals. Effectiveness of the design 
with respect to feed cost data would be more likely to show up if all animals 
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were fed until a specific weight was attained. That procedure would also 
yield results more critical with regard to differential eftects of rations on 
feed costs. 
Discussion 

It should be noted that making the pen the basis of the experimental unit 
was not necessitated by use of the lattice design, but was done for another 
purpose. As the experiment was conducted pen variance, considered distinct 
from animal variance, contributed to the estimate of experimental error as 
well as to the real errors of the treatment means. Consequently, conclusions 
based on the size of treatment differences relative to their standard errors 
were not subject to any assumptions concerning lack of “pen effects.”” The 
principle of the lattice design can also be applied to the allotment of litters 
with all pigs in each treatment group being fed in a single pen, a common 
practice in feeding trials. In that event, however, subsequent statistical 
analysis will form the basis for probability statements about differences be- 
tween group means but not specifically about treatment differences. Specific 
application of those statements to treatment differences must then rest on 
the assumption of negligible differences between the groups arising in any 
way from their having been fed in different pens. 

The size of the estimated block variance was that which would have arisen 
from isolation of litter variance alone if the latter constituted 42 percent of 
total variance among animals. Since this is close to the fraction ordinarily 
associated with intra-breed litter differences the observed relative efficiency 
of the lattice, 121 percent, typifies what may be expected on the average 
from use of this design for control of intra-breed litter differences alone.* The 
expected gain may be expressed more concretely as 21 percent more infor- 
mation from an experiment involving a given number of animals or as the 
equivalent of a 21 percent increase in animals and facilities available for use. 

With full attention to all the possibilities these designs offer, a greater 
increase in over-all efficiency may frequently be accomplished. The effect 
of non-uniformity in available feeding pens can be largely obviated by con- 
founding major differences with blocks, i.e., by assigning the pens to blocks 
in the way that will minimize their variation within blocks. Pigs of more 
than one breed can be used readily with only minor loss in precision, whereas 
if all animals in a replication had to be of the same breed otherwise satis- 
factory pigs frequently could not be used simply because enough of the same 
breed were not available at one time. Greater flexibility in the conduct of 
trials is also made possible. For example, when the animals at hand do not 


4 Assuming intra-block “pen” variance(C) were negiigible as in this case. If variance from this source were ap- 
Preciable the gain in efficiency resulting from control of litter variance would be somewhat lower. 
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suffice for a complete replication, an incomplete block experiment can be 
initiated one or two blocks at a time. 

Because the incomplete block designs have their application in trials in- 
volving more than § or 6 rations it is pertinent to comment briefly on reasons 
for conducting such trials. Crampton (1942) has emphasized and e::plained 
the value of factorial experiments. The simplest factorial involves four treat- 
ments but is rarely used except when limitations on experimental material 
make more comprehensive experiments impossible. Combinations involving 
six, eight, nine, or larger numbers of treatments are usually more desirable. 
Even in non-factorial work efficiency increases with the number of rations 
compared in a single trial. Suppose one were interested in 16 rations, includ- 
ing one considered as a standard. They might becompared four at a time in 
five trials with the standard being included in each trial; or all could be 
compared in a single experiment, repeated several times if necessary to ob- 
tain sufficient replication. The first method would require 25 percent more 
animals if the number fed each ration were to be the same in both cases. 
Furthermore, rations tested in different trials could only be compared by 
reference to the standard ration. The experimental error of such comparisons 
would be twice as large as for the direct comparison of rations in the same 
trial. The attraction of comparing a limited number of treatments is that 
some reliable results can be obtained sooner. In the long run the more com- 
prehensive approach will yield more information, provided of course that 
the work has been well conceived. To summarize, the advantages of working 
with an increased number of treatments at one time, either in factorial or 
non factorial experiments, will more than offset a moderate increase in error 
vasiance of the experimental units. That the lattice designs can be used to 
control the only sources of variation likely to make the error variance of such 
trials larger than for trials with from two to five rations merely strengthens 
the case for more comprehensive experiments. 

The lattices possess advantages that make them the only incomplete block 
designs likely to prove useful in swine feeding work. Since the number of 
treatments is a multiple of block size the design can be set up in distinct 
replications. This is an important feature because limitations on animals or 
facilities will often preclude conducting an entire experiment within a 
single season. It also distinguishes the group of incomplete block designs 
whose efficiency can never fall below that of a randomized complete block 
design making use of the same experimental material (Yates, 1939). A further 
advantage of the 3 X3 and 4 X¢4 lattices is that equal precision of all treat- 
ment comparisons, i.e., balance of the design, is attained with a moderate 
number of replications. This feature is particularly desirable in the com- 
parison of factorial sets of treatments. Balance is attained with four replica- 
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tions in the 3 X3 design and with five in the 44 design. The 5 X¢5 lattice 
requires 6 replications for balance. All other incomplete block designs for 
seven or more treatments in blocks of five or less that can be set up in distinct 
replications require seven or more replications for attainment of balance. 

It should be pointed out that the experimenter will often be interested 
in a number of treatments for which a lattice design is not available. In that 
event it should frequently be possible to add or subtract one or two rations, 
to reach a number for which a lattice can be used, without weakening the 
experiment. For example, the experiment reported would probably have been 
limited to the eight treatments of the factorial set if a design for eight treat- 
ments equally as good as the lattice for nine had been available. The ninth 
treatment was added in view of the design chosen but, being carefully se- 
lected to yield information on a critical point, it in no way weakened the 
experiment. 

Summary 

A balanced lattice design was used, probably for the first time, in a feeding 
trial with swine. Since nine rations were being compared, variation stemming 
from litter differences would otherwise have contributed to experimental 
error. 

The efficiency of the design relative to a randomized complete block was 
121 percent. This gain in efficiency is very close to what can be expected on 
the average from similar applications of this type of design in trials where 
the treatment effects are to be measured in terms of rate of gain. It is not 
sensational but is worthwhile, particularly since the only cost involved is a 
slight increase in labor of analyzing the data of the experiment. Fortunately, 
there is no danger that use of a lattice design will lead to a less efficient ex- 
periment. 

When using experimental material in which variance from sources other 
than litters, e.g., breed differences, can be confounded with the differences 
between incomplete blocks, the gain may be appreciably greater than in this 
instance. 

In view of the general efficiency inherent in the comparison of more rations 
in a single trial and of the value of factorial experiments in many problems, 
there should be frequent occasions for the use of lattice designs in swine 
feeding work. 
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THE VALUE OF DRIED FERMENTATION SOLUBLES FOR SOWS 
FED IN DRYLOT DURING GESTATION AND LACTATION! 


J. L. Kruner, D. E. Becxer, W. E. Carroit Anp B. W. Fairsanks? 
University of Illinois* 


IHE object of these experiments was to study the value of a vitamin 
supplement, known to be an excellent source of riboflavin, for sows fed 
a ration composed of natural feeds in drylot during gestation and lactation. 
Cunha et al. (1944) found that a practical bagal ration composed of ground 
corn, expeller soybean meal, minerals, vitamir! A and D supplements and 
5% alfalfa meal was inadequate for brood sows kept in drylot. Unsatis- 
factory results were also obtained by Krider et al. (1946) when a similar 
ration was fed to gilts during pregnancy and lactation, even though they 
had been on pasture until they weighed over 200 pounds. The importance 
of and need for the inclusion of B.-complex supplements in certain drylot 
rations for sows has been emphasized by the above workers and in reports 
by Fairbanks et al., 1945; Krider et al., 1944; Ross.et al., 1942, 19424, 1944; 
and others. The experiments reported by workers at the Illinois Station 
indicate that the addition of combinations of crystalline B-vitamins to cer- 
tain rations for brood sows is beneficial. 


Experimental Procedure 


In the four experiments, the sows were fed during the summer and fall 
seasons and produced fall litters. 


Previous History of Sows 

Experiment 1 (1943). The twenty-five yearling sows used had been in 
drylot since birth and had reared a spring litter previously. They were bred 
to produce a fall litter when they were approximately 18 months of age. 
They had previously received the rations described by Fairbanks, Krider 
and Carroll (1945). 

Experiment 2 (1944). Eighteen gilts from the litters produced in experi- 
ment 1 were fed presumably adequate rations in drylot from weaning to 
210 pounds live weight. Then they were started on the experiment reported 
here and were bred to farrow during September. They farrowed their first 
litters when they were approximately 113 months old. 

1 This investigation was supported by the donation of funds and products to the University of Illinois by Com- 
mercial Solvents Corporation, Terre Haute, Indiana. The high-quality dehydrated alfalfa meal used in these tests 
was kindly supplied, analyzed, and assayed by Ralston Purina Company, St. Louis, Missouri. 

2 Present address, American Dry Milk Institute, Inc., Chicago, Illinois. 


3 Animal Science Department, Urbana, Illinois. Acknowledgment is gratefully made for the assistance of R. F. 
Van Poucke, formerly Assistant in Animal Science, and of R. H. McDade, Chief Swine Herdsman, and his associates. 
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Experiment 3 (1945). The eighteen yearling sows used in this test had 
been in drylot since they averaged about 230 pounds and each sow had 
produced one normal litter previously. They had come from the experimental 
groups reported by Krider et al. (1946), and were bred to produce fall litters. 

Experiment 4 (1946). Fourteen yearling sows that had a previous history 
almost identical to those used in experiment 3 were fed in three groups. 
Every sow had received either alfalfa meal or a combination of alfalfa meal 
and fish solubles during her previous lactation period. All sows were con- 
sidered to be in a good state of nutrition. These females averaged about 18 
months old when they farrowed their fall litters. 


Management 


All sows except those fed in experiment 2 were confined to dirt lots that 
were free of vegetation. In experiment 2, the gilts were kept on concrete 
floors throughout the test. The feeding and management practices were the 
same as those described by Fairbanks et al. (1945). 


Measurements Used 


The performance of the sows at farrowing time and the survival and 
growth of their pigs during the suckling period were used as measures of 
the relative values of the rations. All abnormalities that occurred were 
noted. 


Rations Fed 


The basal rations fed in the experiments are given in table 1. 

In each experiment various levels of dried fermentation solubles* guaran- 
teed to contain not less than 114 milligrams of riboflavin per pound were 
added to the basal ration fed. 

The term “dried fermentation solubles” has been authorized and tenta- 
tively defined as follows by the A.O.A.C.: “Dried fermentation solubles is 
the product obtained by the concentration or dehydration of the liquid by- 
product resulting from the action of the ferment on the basic medium of 
grain, molasses, whey, or other media and shall contain not less than 18 
milligrams of riboflavin per pound on a moisture-free basis.” 

When dried fermentation solubles (B-Y) was added to the rations, it re- 
placed soybean meal, pound for pound. Our assay indicated that it contained 
125 milligrams of riboflavin per pound. Other vitamins were present in the 
following quantities (milligrams per pound): 0.4 mg. biotin; 95.6 mg. niacin; 
136.2 mg. pantothenic acid; 0.77 mg. para-amino benzoic acid; 2.4 mg. 


4 Produced and donated by Commercial Solvents Corporation, Peoria, Illinois. 
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TABLE 1. BASAL RATIONS FED DURING GESTATION-LACTATION 

















Ingredients Expt.z | Expt. a | Expt. 3 | Expt. 4 

Ground yellow corn | 76.5 71.0 | 71.0 70.0 
Expeller soybean meal | 12.0 | 18.0 17.0 17.0 
Tankage' eae ee 5.0 $0 | 5.0 
Dehydrated alfalfa meal 5.0 5.0 | 5.0 | 5.0 
Sardine condensed fish solubles? a cee ied ne 1.0 1.0 
Ground limestone 0.8 | _ —_— — 
Steamed bone meal | 0.8 | _ _ 1.0 
lodized salt i ae 0.5 0.5 0.5 
Fortified A and D oil* | 0.5 | 0.5 | 0.5 0.5 

Totals | 100.0 | 100.0 | 100.0 | 100.0 











Composition: | | | 
Crude protein, % | een 17.1 17.2 17.2 
Calcium, % or | .69 56 | 90 
Phosphorus, % 46%) .56 | 46 | 14 
Manganese, p.p.m. 42. @.. Jor 53. 
Riboflavin, mg. per lb. 97 | 1.18 | 1.22 | 1.16 





1 Digester tankage containing 60% crude protein was used in experiment 1. In all other tests a 50% protein, 
meat and bone tankage was fed. 

2 Supplied by Central Soya Company, Decatur, Indiana. 

3 Guaranteed to contain 4000 I.U. of vitamin A and 800 US.P. units of vitamin D per gram. 


thiamin; 1010 mg. inositol; and 1380 mg. choline. It also contained 30% 
crude protein. 

The sardine condensed fish solubles fed in experiment 3 had the following 
analysis: 52.45% moisture; 10.57% ash; 0.14% calcium; 0.80% phosphorus; 
26.38% crude protein; 9.97% ether extract; riboflavin 5.97 mg. per pound; 
choline 885 mg. per pound; niacin 181.6 mg. per pound; and pantothenic 
acid 18.6 mg. per pound. In the fourth experiment the fish solubles that was 
fed contained 48.95% moisture, 31.0% crude protein, and 7.65 mg. of ribo- 
flavin per pound. 

Dehydrated alfalfa meal was fed in all rations and was analyzed and as- 
sayed for the nutrients given below. The sample used in the first test con- 
tained 17.0% crude protein, 41.3 mg. of carotene per pound, and 18.3 mg. 
and 5.31 mg. of niacin and riboflavin per pound, respectively. The compo- 
sition of the alfalfa meal fed in experiment 2 was: 17.7% crude protein; 
27.5% crude fiber; 37.2 mg. of carotene per pound; and 6.86 mg. of ribo- 
flavin per pound. The sample that was fed in test 3 contained 17.1% crude 
protein, 27.8% crude fiber, and 32.7 and 6.67 mg. of carotene and riboflavin 
per pound, respectively. The values obtained by analysis and assays of the 
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dehydrated alfalfa meal fed in the fourth experiment were 19.54% crude 
protein, 23.85% crude fiber, 104.4 mg. of carotene, and 6.89 mg. of ribo- 
flavin per pound. 

Samples of all rations were taken after mixing and the composite samples 
were assayed for riboflavin. The assay values are reported in the tables 
giving the results. 

Results and Discussion 


Experiment 1 (1943 Fall) 
The results obtained during gestation and lactation are given in table 2. 
TABLE 2. RESULTS OF EXPERIMENT 1 (1943 FALL, DRYLOT) 








Lot numbers and treatments 

















I 2 3 
Items compared Basal+-0.5% | Basal+1% 
Basal dried dried 
fermentation | fermentation 
solubles solubles 
Riboflavin in ration, mg. per lb. | 0.97 1.59 2.21 
Number of sows 8 8 9 
Av. initial weight of sows, Ibs. 406 4°7 407 
Av. number of pigs farrawed per litter 10.0 8.1 7.1 
Av. birth weight per pig, lbs. 2.66 2.54 2.63 
Percentage of pigs farrowed 
Strong 70 63 78 
Medium 9 9 12 
Weak 11 19 8 
Dead 10 9 2 
Av. weight per pig at weaning (56 days) lbs. 24.0 23.0 25.1 
Percentage of pigs weaned! 37 44 72 





1 Percentage of all pigs farrowed. 


In lots 1 and 2, the percentage of pigs weaned was subnormal while the 
percentage weaned in lot 3 was approximately normal. The average weaning 
weight was slightly improved when 1% dried fermentation solubles was 
fed (lot 3) in comparison with the results obtained when none or 0.5% of 
this ingredient was fed. 


Experiment 2 (1944 Fall) 

Almost complete “lactation failure” was observed in all lots in this test. 
Apparently the deficiencies of the basal ration were manifested more acutely 
in these gilts than in their dams which were used in the first experiment. 
This observation is in agreement with the report of Ross et al. (1944). 

The results of experiment 2 are given briefly in table 3. 
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TABLE 3. RESULTS OF EXPERIMENT 2 (1944 FALL, DRYLOT) 








Lot numbers and treatments 





I 2 3 
Items compared | Basal+1% | Basal+2% 
| Basal dried | dried 
| fermentation | fermentation 
solubles |  solubles 
Riboflavin in ration, mg. per lb. 1.18 | 2.18 | 3.18 
Number of gilts 6 6 6 
Av. initial weight of gilts, lbs. 209 206 | 207 
Av. number of pigs farrowed per litter Ee j 7.9 | 6.0 
Av. birth weight per pig, lbs. | 2.39 2.08 | 2.10 
Percentage of pigs farrowed: 
Strong 46 31 46 
Medium 22 7 17 
Weak 27 41 33 
Dead 5 21 4 
Av. weight per pig at weaning (56 days) lbs. | 21.0 3 33.4 
Percentage of pigs weaned 9 10 21 





The pigs that survived had rough hair coats, rough wrinkled skins, and 
trembled as if cold even though the temperature was moderate to warm. 
Upon close examination there was severe exanthema of the skin, especially 
around the eyes and from the eyes to the nose. Small raised vesicles appeared 
on the snouts. These vesicles would bleed when touched very slightly. 
There was a slight mucoid discharge from the eyes and noses. Some of the 
pigs had a scabby exudate surrounding the eyes to such an extent that the 
eyes could not be opened. The formation of the scabs extended to the com- 
missure of the lips and probably contributed to the inability of some pigs to 
open their mouths to nurse. 

Diarrhea was not observed. The rectal temperatures ranged between 
100-102° F. The pupils of the eyes were slightly milky and some pigs had 
difficulty in seeing. 

As the test continued, the scabby formation of the skin became more ac- 
centuated and extended from the head to the underside of the body, and 
especially on the feet above the hoofs. The hair coats were very thin on 
surviving pigs. Some developed sickled hocks. 

One sow in lot 2 farrowed four live pigs. One of these had a crooked nose, 
no eyes, three toes and one dew-claw on the left fore foot. All four pigs had 
no rear legs or hind quarters. The pigs from another sow in this lot had 
small screw tails. Cunha et al. (1944) described such a condition as being of 
dietary origin, and not of genetic origin. 
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Post mortem lesions of all pigs that died were described by Jones (1947). 
The livers were greatly enlarged, and contained extensive white areas 
(grossly typical of fatty degeneration). The spleens were normal. The kid- 
neys were enlarged, soft, watery and the surface showed diffuse hemorrhages. 
The lungs were pneumonic and the thoracic cavities were filled with serous 
fluid. The hearts were enlarged, soft, flabby and had large amounts of serous 
fluid in the pericardial sacs. The stomachs and intestines were in most cases 
full of milk, although the pigs showed evidence of a lack of nourishment 
before they died. 

Erythrocyte counts and hemoglobin determinations were made using 
blood from these pigs. The erythrocyte study indicated a greater degree of 
anemia in lot 1 than in lots 2 and 3. The percentage of erythrocytes that 
were normal was 67.7 for lot. 1, 69.0 for lot 2 and 73.0 for lot 3. In control 
pigs, 76.6% of the erythrocytes were classified as normal. This study by 
Jones (1947) indicates that the rations fed in experiment 2 “did not supply 
the necessary elements for adequate formation of normal erythrocytes.” 

From the results of this test, it was assumed that riboflavin was not the 
limiting deficiency of the basal ration. In experiments 3 and 4, one percent 
of sardine condensed fish solubles was included in the basal ration in an at- 
tempt to correct the limiting deficiency of the basal diet previously fed. 


Experiments 3 and 4 (Fall of 1945 and 1946) 


Krider et al. (1946) reported that a ration composed of ground yellow 
corn, expeller soybean meal, 5% high-quality dehydrated alfalfa meal, min- 
erals, and vitamin A and D oil was inadequate for gilts during gestation- 
lactation in drylot. Sardine condensed fish solubles was found to be a good 
source of nutrients needed to supplement the above diet. In experiments 3 
and 4, the basal ration was altered to include one percent of this product in 
an attempt to correct the limiting deficiency (or deficiencies) of the basal 
ration used in tests 1 and 2 (see table 1). 

Fair but sub-optimum performance resulted when the basal ration, in- 
cluding 1% of fish solubles, was fed during gestation-lactation. The pigs 
produced in lot 1 were thrifty, but lacked the growthiness, sleekness, and 
uniformity observed in lots 2 and 3. The average results of these two experi- 
ments are given in table 4. All means are weighted. 

When 1% of dried fermentation solubles (lot 2) was added to the basal 
ration, a higher percentage of the pigs was strong at birth than when the 
basal ration (including 1% fish solubles) was fed (lot 1). Also a slightly 
greater percentage of the pigs farrowed was weaned when the basal ration 
was fortified with the riboflavin carrier than when the basal diet was fed. 
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The pigs in lots 2 and 3 were very significantly heavier at 56 days of age than 
those from lot 1 (P So.o1). The analysis of variance was used in analyzing 
the data on weaning weights. 


TABLE 4. RESULTS (WEIGHTED MEANS) OF EXPERIMENTS 3 AND 4 
(FALL OF 1945 AND 1946, DRYLOT) 


























Lot No. | I 2 3 
Basal+1% | Basal+1% 
dried dried 
Treatment Basal fermentation | fermentation 
solubles | solubles-+1% 
sardine fish 
solubles 
Riboflavin in ration, mg. per Ib. 1945 1.17 2.29 | 2.33 
1946 1.16 3.28 | 2.39 
| 
Gestation Results: | 
Number of sows 11 11 10 
Number of sows farrowed 11 10! 9? 
Av. initial wt. per sow, Ibs. 449 460 | 450 
Av. final wt., Ibs. 561 571 | 568 
Av. daily gain to farrow, Ibs. 1.32 a 1.38 
Av. daily feed, lbs. 6.32 | 6.28 | 6.36 
Av. no. pigs farrowed per litter 10:6 | > 9.6 
Av. birth wt. per pig, lbs. 2.73 | 2.78 | 2.73 
Percentage of pigs farrowed: | 
Strong 68 | 98 14 
Medium | 12 | 12 7 
Weak | 10 | 5 14 
Dead 10 5 5 
Lactation Results: 
Av. daily feed per sow and litter, lbs. 12.06 13.88 11.25 
Av. no. of pigs weaned per sow farrowed 6.9 7.8 6.2 
Av. wt. per pig at 21 days, Ibs. 9.9 10.8 10.4 
Av. wt. per pig at 56 days, lbs. 24:3 27.8 30.4 
Percentage ot pigs: 4 
Dead at birth 9 | 5 3 
Died 1 to 3 days 14 | 9 II 
Died 4 to 21 days 9 9 5 
Died 22 to 56 days 3 2 13 
Weaned | 65 | 95° 684 








1 One sow died 5 days after farrowing. The cause was unknown, but.it was not believed to be nutritional. 
2 One sow failed to produce milk after farrowing and was not included in the lactation results. 
3 Includes 6% of the pigs which were removed when sow died. 
4 Includes 7% of the pigs which were removed when sow died. 
Although the pigs in lot 3 averaged 0.4 pound less in weight at 21 days of 
age than the pigs in lot 2, they were significantly heavier (2.6 pounds) at 
weaning time (P S0.05). Since the average number of pigs weaned per sow 








Driep FERMENTATION SOLUBLES FOR SOws 339 


was greater (1.6 pigs) in lot 2 than in lot 3, it is concluded that the rations 
fed to these two groups produced comparable results. The heavier average 
weaning weight of pigs in lot 3 over lot 2 indicates that the combination of 
2% fish solubles and 1% of dried fermentation solubles to the basal ration 
probably produced more nearly optimum growth than the combination of 
1% of each of these ingredients. In later tests, Krider et al. (1946) reported 
that 2% of sardine condensed fish solubles produced results equal to those 
obtained when 4% of this product was fed to supplement a ration composed 
of corn, soybean meal, 5% dehydrated alfalfa meal, minerals and vitamin A 
and D oil for gilts in drylot during gestation and lactation. 

Certain phases of these results are not in agreement with those reported 
by Cunha et al. (1944). No evidence was obtained in these studies to support 
the findings of Cunha et al. that a riboflavin supplement (B-Y) was not bene- 
ficial or might even be detrimental for brood sows fed certain rations in. 
drylot. It appears that the basal ration fed in the tests of Cunha et al. was 
deficient in a limiting factor (or factors) other than riboflavin since the per- 
formance was practically equal to that produced when the unsupplemented 
basal ration was fed. It may be that the riboflavin supplementation did not 
improve the results of Cunha et al. because the first limiting deficiency (or 
deficiencies) of their basal ration was not corrected by adding either a ribo- 
flavin supplement or crystalline riboflavin. In the tests reported in this paper 
the addition of 1% of dried fermentation solubles was beneficial when 1% 
of sardine fish solubles was added to the deficient basal ration to correct the 
first limiting deficiency (or deficiencies). 


Summary 

A basal ration composed of ground yellow corn, expeller soybean meal, 
tankage, 5% dehydrated alfalfa meal, vitamin A and D oil, and minerals was 
nutritionally inadequate for yearling sows and for gilts fed in drylot during 
gestation and lactation. Only 37% and 9% of the pigs were weaned, re- 
spectively, by the yearling sows and the gilts fed this ration. Deficiency 
symptoms observed in the second test are described in detail. 

The addition of either 0.5%, 1.0% or 2.0% of dried fermentation solubles 
(B-Y) did not correct the deficiency (or deficiencies) of the basal ration. 
Slight improvement was noted, however, especially in the survival of pigs 
when the basal diet was fortified with the riboflavin carrier. The first limiting 
deficiency (or deficiencies) of the basal ration apparently was not riboflavin. 

One percent of sardine condensed fish solubles supplied the nutrients 
needed to correct the first limiting deficiency (or deficiencies) of the basal 
ration. Very significant improvement in 56 day weights of the pigs was 
found when 1% of dried fermentation solubles was supplied in addition to 
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1% ot fish solubles. The pigs produced by sows fed the latter supplements 
were sleeker, growthier and smoother than pigs from sows not fed the ribo- 
flavin carrier. 

Comparable results were obtained when sows were fed combinations of 
either 1% or 2% of fish solubles with 1% dried fermentation solubles. 
Gestation-lactation performance of sows fed in drylot was significantly im- 
proved by feeding rations containing 2.3 milligrams of riboflavin per pound 
as compared to feeding rations containing 1.2 milligrams of this vitamin per 
pound. The additional riboflavin (1.1 milligrams per pound of diet) was sup- 
plied by dried fermentation solubles. 
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CYSTINE AND VITAMINS OF THE BCOMPLEX AS 
SUPPLEMENTS TO RAW SOYBEANS IN 
PIG RATIONS'?8 


Wa ter J. Peterson, R. E. Comstock, H. A. Srewart, 
E. H. Hostrerrer Anp F. H. Smiru 


North Carolina Agricultural Experiment Station 


MONG the proteins of plant origin, that of raw soybeans is generally 
conceded to be of excellent quality when fed correctly in supple- 
mental mixtures including animal by-products. When fed as the principal 
protein supplement to young pigs, however, raw soybeans do not produce 
as rapid gains as do protein supplements of animal origin. Previous work at 
the North Carolina Experiment Station (Hostetler and Halverson, 1940; 
Peterson, Hostetler and Shaw, 1942) has shown that for young pigs in a dry 
lot very poor results are obtained with raw soybeans as the main part of the 
ration even when supplemented with a mineral mixture, some fish meal (or 
tankage), cottonseed meal and alfalfa leaf meal. It has not been uncommon 
for pigs averaging 40.0 to 45.0 pounds at the start of a feeding trial to require 
85 days to reach an average of 85 pounds, an average daily gain of about 
0.50 pound. The principal disorders encountered in these studies were 
growth failure, anorexia, and diarrhea; but in no case were evidences of in- 
coordination and lameness, vomiting, inactivity, or dermatitis observed. 
The nutritive value of proteins of soybeans and soybean oil meal has been 
studied extensively. Osborne and Mendel (1917), Vestal and Shrewsbury 
(1932), Shrewsbury, Vestal and Hauge (1932), Hayward, Steenbock, and 
Bohstedt (1936) found that raw soybeans when fed to rats as the sole or 
principal source of protein in an otherwise complete ration did not support 
appreciable growth. However, normal growth resulted when they fed soy- 
beans which had been previously cooked. Freeman (1941, 1942), Robison 
(1930), Vestal and Shrewsbury (1932, 1935), and Shrewsbury and Vestal 
(1937) showed that well-cooked soybean oil meal is a good source of high 
value protein for swine, superior in protein quality to tankage. On the other 
hand, raw soybeans, whole or ground, are inferior to tankage. Further ex- 
perimental evidence supporting the fact that the raw soybean contains a 
protein of low nutritive value has been reported by Mitchell and Villegas 
(1923), Mitchell and Smuts (1932), and McCollum, Simmonds, and Parsons 
(1921). 

1 Read before the Division of Agricultural and Food Chemistry, American Chemical Society meeting, Atlantic 

City, New Jersey, April 15, 1947. 
2 Contribution from the Department of Animal Industry. Published with tne approval of the Director as Paper No. 


265 of the Journal Series. 
3 This investigation was aided by a Swift & Company fellowship. 
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Mitchell and Smuts (1932) and Shrewsbury and Bratzler (1933) claimed 
that the low nutritive value of the protein of raw soybeans was due to a 
deficiency of the amino acid cystine. Later Womack, Kemmerer, and Rose 
(193'7) demonstrated the dietary indispensability of methionine, and showed 
that this amino acid is capable of replacing cystine for growth purpuses. 
Thus, contrary to opinions formerly held, cystine is not an essential constit- 
uent of the food. Methionine can furnish part of the materials needed by 
the animal to synthesize cystine. Consequently, cystine is not necessary in 
the diet if there is a sufficient excess of methionine to meet the requirements 
for both methionine and the synthesis of cystine. Apparently, it is only 
when methionine is available at a level which permits maintenance or only 
slow growth that addition of cystine markedly improves the quality of the 
food. Since cystine supplementation does not improve the value of properly 
heated soybeans (Hayward and Hafner, 1941), it must be presumed that 
cystine or methionine, or both are present in sufficient amounts in the soy- 
beans, but are not completely available in the raw protein. 

The present study was undertaken because of repeated failures to find 
practical protein feeds or methods of feeding them which would adequately 
supplement the diet of young pigs gleaning harvested fields and consuming 
a large preponderance of raw soybeans. Similar failures had resulted in dry 
lot under conditions simulating the grazing diet. Most experiments designed 
to study the supplemental value of cystine on raw soybean diets have been 
conducted with rats or chicks (Hayward and Hafner, 1941) as the experi- 
mental subjects. 

Independent experiments in our own laboratories (unpublished) had in- 
dicated for some time that rats receiving large quantities of raw soybeans 
benefited markedly from supplements of riboflavin. Lantz (1939, 1940) has 
reported that cooked soybeans were a better source of riboflavin than the 
raw material and that the riboflavin and pyridoxine of raw pinto beans were 
unavailable to rats. In view of this, it seemed desirable to include a mixture 
of the common B-vitamins as one of the experimental variables in addition to 
cystine. 


Experimental 


To test the supplemental value of cystine and of a mixture of vitamins of 
the B-complex,‘ alone and in combination on rations of raw soybeans, two 
basal rations were used. One of these (B.R. 2) contained 98 percent ground 
raw soybeans of the Wood's yellow variety and 2 percent of a mineral mix- 

4 The following vitamins of the B-complex and the amounts of each (in mg.) added to 100 pounds of feed were as 


follows: thiamin 105, riboflavin 157, nicotinic acid 525, pyridoxine 120, pantothenic acid 750. This allows for a margin 
of safety of at least 50 percent since it is based on normal food consumption and vitamin requirements of 100-pound 


Pigs. 
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ture.5 Since the high fat (17.2 percent) and protein (37.6 percent) content of 
this ration might be presumed to have some retarding effect on the growth of 
young pigs, the other basal ration (B.R. 1) was diluted with starch to provide 
half the quantity of soybeans contained in B.R. 2. Supplementation of these 
two rations with the vitamin B-complex mixture and cystine, alone and in 
combination, provided eight rations as indicated in table 1. Since B.R. 1 
differed from B.R. 2 only in that half of the soybeans in B.R. 2 had been 


TABLE 1. COMPOSITION OF RATIONS USED* 














pera: | : 
— Composition | — | Composition 
I Basal Ration No. 1: \ 5 Basal Ration No. 2: 
Ground Soybeans 49% | Ground Soybeans 98% 
Corn Starch 49% | Minerals 2% 
Minerals 2% | 
2 +B-Complex Fl | +B-Complex 
3 +.3% Cystine 7 | +.3% Cystine 
4 +BComplex+.3% Cystine | 8 | +B-Complex+ .3% Cystine 
9 Ground Soybeans 49% | 10 Ground Soybeans 49% 
| Soybean Oil Meal “3% || | Soybean Oil Meal 497% 
| Soybean Oil 6% || | Minerale 2% 
| Minerals 2% || | 





* Each pig received 5000 I.U. of vitamin A per day from cod-liver oil containing 2000 1.U. per gram. 


replaced with starch, it seemed of value to include a ninth ration in which 
this replacement was made with soybean oil meal and soybean oil in such a 
manner as to actually simulate B.R. 2. In effect, use of this ration might be 
expected to answer the question of whether a ration consisting of one-half 
raw soybeans and one-half heat-treated soybeans (meal) was an improvement 
over a ration consisting entirely of raw soybeans. Further, it should demon- 
strate the superiority, if any, of soybean oil meal over starch in B.R. 1. 
Analyses of the basal rations are given in table 2. Cystine and methionine 
values of the air-dried beans as determined by the differential oxidation 
procedure described by Evans (1945) were 0.51 and 0.74 percent, respec- 
tively. 


5 Mineral Mixture: Ground limestone 40.00 
Dicalcium phosphate 40.00 
Salt 19.25 
Ferrous sulfate 0.60 
Copper sulfate 0.10 
Cobalt carbonate 0.05 





Total 190.00 
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TABLE 2. ANALYSES OF MIXED RATIONS (UNSUPPLEMENTED) 

















| | | | Total solids 
Ration | Composition | Protein — — Ash air dried 
| | ieee lena | basis 
| percent | percent | percent | percent | percent 
B.R. 1 | 49% raw soybeans | 18.4 | 8.2 | 1.9 4-3 91.6 
| 49% starch | | | 
2% minerals 
| | 
| 
BR. 3 98% raw soybeans | s7.0 | 19.2 | 4.4 6.4 93.5 
| 2% minerals | 
| | | 
No. 9 | 49% raw soybeans 37-5 | 17-1 | 4.4 | 6.8 94.4 
43% soybean oil meal | 
6% soybean oil | 
2% minerals | | 
No. 10 49% Taw soybeans 40.2 11.2 | 5.0 | 8.4 93.0 
| 49% soybean oil meal | 
| 2% minerals | 











The feeding trials were started with pigs which had been weaned at eight 
weeks of age and weighed from 30 to 45 pounds each. Two pigs were as- 
signed to each pen and ration. 

The experiment was conducted in a balanced lattice design using incom- 
plete blocks of three pens each. The allotment of pigs was such that litter 
differences did not contribute to variation of pens within an incomplete 
block (Comstock, Peterson and Stewart, 1948). 

Each pair of pigs was housed in a well-lighted and well-ventilated building 
provided with individual pens paved with concrete. Each pen had an outzide 
exercise area open to the south which was also paved with concrete All 
animals were fed twice daily, each pair receiving as much feed as they would 
clean up with no waste. The pigs were taken oft experiment when the ma- 
jority had reached an average weight of 100 pounds. 

The experiment was replicated four times. The first and fourth replica- 
tions were conducted with fall farrowed pigs in 1944 and 1945. The second 
and third replications were conducted simultaneously in the spring of 1945. 
Thus, at the conclusion of the over-all experiment, eight pigs had been fed 
each ration. After the completion of the first feeding period, the low gains 
obtained on ration No. 9 (containing soybean oil meal and oil, simulating 
B.R. 2) suggested that the high fat content of this ration (17.1 percent) 
might be responsible. It was decided, therefore, to include another ration 
(No. 10) outside of the “lattice” which did not contain the added oil. 








VITAMIN SUPPLEMENTS TO SOYBEANS IN Pic RATIONS 345 


Results and Discussion 


The adjusted mean gains® and their summarized means are tabulated in 
table 3. The analysis of variance for the eight treatments representing the 
factorialized comparisons is shown in table 4. 


TABLE 3. ADJUSTED MEAN GAINS (POUNDS PER DAY) ON TREATMENTS 


1 TO 8 INCLUSIVE! AND ON DIFFERENT COMBINATIONS 
OF THE TREATMENTS 








Soybean-starch basal ration, All-soybean basal ration, 














| 
| B.R. 1 B.R. 2 
Items ak eiciie Bane Se 
compared No No 

| Bevitamins | — | Average} B-vitamins | pee | Average 
| added | SNF. abies st ce | 

No cystine added | 0.47 (1)? | 0.75 (2) | 0.61 0.90 (5) 0.88 (6) | 0.89 

Cystine added 0.72(3) | 0.86(4) | 0.79 | 0.98(7) | 0.92 (8) | 0.95 

Average | 0.60 | 0.81 | 0.770 | 0.94 | 0.90 | 0.92 


B.. | 





1 The adjusted mean gain on treatment 9 was 0.69 pound per day, and the mean gain on treatment 10 was 0.70 
pound per day. 
2 The numbers in paventheses are the assigned treatment numbers. 


TABLE 4. ANALYSIS OF THE ADJUSTED MEAN GAINS ON 
TREATMENTS 1 TO 8 INCLUSIVE 














| Degrees of 
; grees 0! Mean 

Variance source | Soniuek squares F 
Between basal rations (R) | I | 0.7788 16.96** 
B-complex vs. none (B) | I 0.1173 2.56 
BXR | I 0.2601 5.67* 
Cystine vs. none (C) | I 0.2377 | 5.18* 
CxR | I 0.0552 1.20 
CX<B | I 0.0289 | <1.00 
CxBXR | I 0.0095 |=) +200 
Effective error | 16 | 0.0459 | 





* Significant (p <.05). 
** Highly significant (p <.o1). 
On the average, the two basal rations were markedly different, this dif- 
ference being highly significant. The effect of B-complex was not significant 
on the average. The BXR effect was significant, however, and shows that 
the response to B-complex was markedly different on the two basal diets. 
The B-complex supplement increased growth by 0.21 pound per day (a sig- 


6 Adjusted for block effects (see Comstock, this Journat). 
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nificant effect) on the soybean-starch basal ration but had scarcely any effect 
on the all-soybean basal ration. It is not possible at this time to say what 
vitamin or vitamins of the B-complex are limiting in B.R. 1. The high con- 
tents of thiamine and niacin in raw soybeans relative to the requirements of 
the pig for these vitamins suggest that they are probably not involved. The 
riboflavin content of B.R. 1 and B.R. 2 were, respectively, 1.5 and 2.9 micro- 
grams per gram as determined by fluorometric analysis. Independent rat 
assays point strongly toward this vitamin being the limiting factor of the 
B-complex in B.R. 1. Should this ultimately be proved to be the case, how- 
ever, it would follow that some of the riboflavin of raw soybeans is not 
available since the amount present in the feed should theoretically provide 
for the needs of the animal. 

None of the cystine interactions are significant. On the other hand, the 
main effect of cystine is significant. This is evidence that cystine has an 
effect under all conditions of the experiment and that the effect of cystine is 
not greatly changed by the basal diet which it supplemented or by the 
presence or absence of B-complex. Examination of table 3 shows that the 
average response to cystine addition was 0.12 pound gain per day. 

It is obvious that the two unsupplemented basal rations were distinctly 
different. Additions of both B-complex and cystine, however, rendered the 
soybean-starch basal diet quite comparable to the all-soybean basal. 

Treatments 9 and 10 appear to fall in the soybean-starch basal diet cate- 
gory, the gains of the two averaging 0.68 and 0.70 pound per day, respec- 
tively. These treatment means are not significantly different. The mean of 
the two is significantly lower than the gain on the unsupplemented all- 
soybean basal diet (t=2.'7 at 16 degrees of freedom), and is significantly 
higher than the gain on the unsupplemented soybean starch basal diet 
(t =2.48 at 16 degrees of freedom). Recent work by Evans and McGinnis 
(1947) provides a possible explanation for the inferior growth obtained by 
replacement of one-half of the raw soybeans in an all-soybean ration with 
soybean meal, with or without added oil. These workers showed that mild 
autoclaving (100° C. for 30 minutes) improved the nutritive value of the 
proteins of raw soybean oil meal for chicks, but more drastic autoclaving 
(130° C. for 60 minutes) decreased the nutritive value. It was demonstrated 
that greater or lesser amounts of cystine and lysine could be destroyed de- 
pending upon the nature of the heat treatment involved. The poor gains of 
pigs on the ration containing soybean oil meal points toward a partial de- 
struction of one or both of these amino acids in the preparation of the meal. 
At this stage one cannot exclude the possibility of destruction of other nu- 
trients as well. It is also interesting in this connection that Hostetler and 
Halverson (1940) obtained similar average daily gains (0.65 pound) in an 
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experiment where 51 pigs were fed a ration containing 50 percent mature 
soybeans, 34 percent corn, 6 percent tankage, '7.5 percent alfalfa leaf meal, 
and 2.5 percent minerals. It is evident from table 3 that starch with either 
cystine or the vitamin B mixture or both produces gains equally as good or 
slightly better than the above corn-tankage-alfalfa mixture or soybean oil 
meal when used to supplement a ration containing one-half raw soybeans. 

The excellent growth responses to the all-soybean diet were completely 
unexpected. In all previous experiments when large quantities of raw soy- 
beans were fed, erratic gains were the rule. Since these rations always carried 
other supplements, however, such as tankage, cottonseed meal and alfalfa, 
it is just possible that these did not contain sufficient available cystine or 
vitamins of the B-complex, or both, to adequately supplement the amounts 
of raw soybeans consumed. The excellent growth on an all-soybean diet and 
inferior growth on a half-soybean diet probably has a parallel in the older 
work of Osborne and Mendel (1915) who reported that diets containing 15 
to 18 percent of casein along with essential nonprotein components pro- 
duced normal growth in rats; when similar diets containing 9 to 12 percent 
of casein were fed, growth was definitely limited but could be significantly 
increased by the addition of cystine. The erratic and poor gains frequently 
observed when pigs graze harvested soybean fields can probably be explained 
on the basis that soybeans per se constitute a variable and by no means a 
major portion of the ration consumed. The remainder of the feed at this sea- 
son of the year (fall and winter) includes roots, soybean leaves and stems, 
and grasses of inferior nutritional quality. It is not surprising that under 
these conditions growth responses are similar to those obtained on the soy- 
bean-starch basal diet (B.R. 1) used in this experiment. 

Some of the most striking results of this experiment are to be found in an 
inspection of the data on feed consumed per hundred-weight gain (table 
57) and the analysis of these data in table 6. It will be noted that the con- 
clusions to be drawn here are similar to those obtained from the data on 
weight gains. The average difterence between basal diets was highly sig- 
nificant, and the average effect of B-complex addition was not significant. 
In contrast to the results on gain, the BX R interaction was not significant 
here. The cystine effect on the average was again significant and none of 
the cystine interactions were significant. Treatments 9 and 10 were not sig- 
nificantly different, but the average of the two was significantly lower than 
the unsupplemented starch-soybean ration (t = 3.56 at 24 degrees of free- 
dom), and significantly higher than the unsupplemented all-soybean ration 
(t ==2.35 at 24 degrees of freedom). Pigs on an all-soybean diet (B.R. 2) con- 
sumed only an average of 261 pounds of feed per hundred-weight of gain 


7 No adjustments for block effects were here required (see Comstock, Peterson and Stewart, 1948). 
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TABLE 5. THE MEAN POUNDS OF FEED CONSUMED PER HUNDREDWEIGHT 
GAIN ON TREATMENTS 1 TO 8 INCLUSIVE! AND ON DIFFERENT 
COMBINATIONS OF THE TREATMENTS 





Soybean-starch basal ration, All-soybean basal ration, 





B.R. 1 B.R. 2 

Items — - og On Ee 
compared No | No 
B-vitamins ae Average B-vitamins ai gs | Average 

added wer added Ws) 5 
No cystine added 422 (1)? 378 (2) 400 276 (5) 250 (6) 263 
Cystine added | 348 (3) 326 (4) 337 266 (7) 250 (8) 258 
Average 385 352 | 368 271 | 250 | 260 





1 The mean for treatments 9 and 10 were 345 and 323, respectively. 

2 The numbers in parentheses are the assigned treatment numbers. 
and this value did not vary much whether vitamins of the B-complex or cys- 
tine were added. When the amount of soybeans was exactly halved, however 
422 pounds of feed were consumed per hundred-weight of gain, with de- 
creasing amounts, 378 and 349 pounds, respectively, when B-complex and 
cystine were added. When both supplements were used, a still further re- 
duction to 326 pounds resulted. The excellent efficiency obtained on the all- 


TABLE 6. ANALYSIS OF THE FEED CONSUMED PER HUNDREDWEIGHT 
GAIN ON TREATMENTS 1 TO 8 INCLUSIVE 


Degrees of 





Mean 





Variance source freedom squares F 
Between basal rations (R) I 93420 | 65.15** 
B-complex vs. none (B) I 2945 2.05 
BXR I 1639 1.14 
Cystine vs. none (C) I 14238 9:93°" 
CXR I 3382 | 2.36 
CXB I 505 <1.00 
CXBXR I 65 <1.00 


Error 24 1434 | 








** Highly significant (p <.or). 


soybean diet can probably, in large part, be explained, not only on the basis 
of the nutritional adequacy of the ration, but on the basis of the large 
quantity of fat, and thus, readily-available energy present. 


Summary 


Seventy-two pigs, weighing 30 to 45 pounds each, were used in a balanced 
lattice experiment to test the supplemental value of cystine and vitamins of 
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the B-complex in rations containing raw soybeans as the only protein in- 
gredient. Basal Ration 1 (B.R. 1) was made up of 49 percent ground raw soy- 
beans, 49 percent starch, and 2 percent of an adequate mineral mixture. 
Basal Ration 2 (B.R. 2) contained 98 percent ground raw soybeans and 2 
percent minerals. The supplemental values of cystine (0.3 percent of the 
ration) and a mixture of thiamin, riboflavin, niacin, pyridoxine and calcium 
pantothenate, alone and in combination, were tested cn both basal rations. 
The vitamins were provided at a level which gave a margin of safety of at 
least 50 percent. Vitamin A was provided in all rations in the form of cod- 
liver oil. After ‘70 days on feed, average daily gains, adjusted for block dif- 
ferences, and feed consumed per hundred-weight gain (the latter indicated 
in parentheses) were as follows (in pounds): B.R. 1 0.48 (422), with cystine 
0.72 (349), with B-complex 0.75 (378), with B-complex and cystine 0.86 
(326); B.R. 2 0.90 (276), with cystine 0.98 (250), with B-complex 0.88 (266), 
with cystine and B-complex 0.92 (250). The eftect of cystine was significant 
(p<.o5) under all conditions of the experiment, and this effect was not 
greatly changed by the basal diet which it supplemented or by the presence 
or absence of B-complex. The average response to cystine addition was 0.12 
pound per day. B-complex supplement increased growth by 0.21 pound per 
day on B.R. 1, but had little eftect on the all-soybean ration. Additions of 
both B-complex and cystine to B.R. 1 made it quite comparable to B.R. 2. 
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THE FACTORIZATION OF THE PROTEIN REQUIREMENTS OF 
RUMINANTS AND OF THE PROTEIN VALUES OF FEEDS, 
WITH PARTICULAR REFERENCE TO THE SIJG- 
NIFICANCE OF THE METABOLIC FFCAL 
NITROGEN 


KennetuH L. Biaxter! anp H. H. Mitcuety 
University of Illinois 


HE factorial method for the estimation of the protein requirements 

of animals, as exemplified by Mitchell (1929), attempts to measure 
separately the different components of the total requirement and to vary 
each component as changes in age and functional activity of the animal, 
as well as difference in sex, may require. Thus, if E be the minimum endoge- 
nous nitrogen loss to the animal per day, determining the maintenance re- 
quirement of protein, and G be the daily increment in tissue nitrogen during 
growth, the total requirement of conventional net protein by a growing 
animal would be, according to the procedure heretofore used, 


there being no appreciable requirement of protein for incidental muscular 
activity. Other functional activities of the animal, involving the storage or 
elaboration of protein within the tissues as in pregnancy or milk produc- 
tion, would be included in the parenthetical term in the above equation as 
occasion demands. 

Similarly, the factorial evaluation of a feed (or ration) as a source of pro- 
tein, as illustrated by Mitchell and Carman (1924), measures separately 
the content of nitrogen per 100 grams of dry matter (N), its true digesti- 
bility (T), and the biological value of the absorbed nitrogen (BV) for some 
particular animal function or combination of animal functions. The “net 
protein” value of a feed or ration (F,) then becomes, per 100 grams of dry 
matter when T and (BV) are expressed as decimals, 


F, =6.25 N-T (BV). (2) 


Evidently, according to this factorial system, one pound of F, will ex- 
actly cover a requirement for one pound of R,, just as one therm of net 
energy in a ration will cover a requirement of one therm by an animal, ac- 
cording to the Armsby system. 

Estimates of protein requirements of farm animals by the factorial method 
are generally lower than commonly accepted standards, at least for older 
animals, as pointed out by Mitchell (1929), and have not been generally 


1 Commonwealth Fund Fellow, on leave of absence from the Ministry of Agriculture and Fisheries, Great Britain. 
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accepted (see, for instance, Loosli, Huftman, Petersen and Phillips, 1945). 
Also, an actual test of the estimates with dairy calves by Blaxter and Price 
(1946) has clearly shown their inadequacy, particularly with the war-time 
rations of poor quality roughage that prevailed in Great Britain. Since the 
same factorial method applied to the calcium and phosphorus requirements 
of farm livestock has yielded results (Mitchell and McClure, 1937) in good 
agreement with experimental observations, it seems fair to conclude that 
the method itself is sound; some factor in the protein economy of the animal 
may have been neglected. 

Blaxter and Price offer the following suggestion: “The minimum protein 
requirement calculated by Mitchell's method does not include an estimate 
of the loss of N in the faeces which occurs incidental to the consumption of 
food, that is, the metabolic N of the faeces. The loss is small, 0.50 to 0.56 
g. N/100 g. of dry matter ingested (Mitchell, 1926; Harris and Mitchell, 
1941; Swanson and Herman, 1943) and this would increase the protein re- 
quirement 0.04 lb./Ib. of dry matter ingested, provided that the digestibil- 
ity of the ration was its true digestibility and not its apparent digestibility. 
As the tabulated values of digestibility are apparent digestibilities and not 
true digestibilities, this factor of increased requirement tends to be can- 
celled. When, however, large quantities of bulky fibrous foods poor in pro- 
tein are consumed, the increased excretion of N by the gut may not be bal- 
anced by the use of apparent digestibility coefficients. . .. ” 

When the metabolic fecal N is brought into the factorial procedure as 
Blaxter and Price suggest, it will modify the expression both of the require- 
ment of net protein and of the net protein content of the feed. Since the 
metabolic fecal nitrogen must be replaced in the body in the form of mucosal 
cells and mucus, nitrogenous constituents of the digestive juices, etc., it 
becomes a third item in the right-hand side of equation (1), i.e., 


R, =6.25 (E+G+M-:D) (3) 


where M is the metabolic fecal nitrogen per 100 g. of dry matter ingested, 
and D, the dry matter intake in hundreds of grams required to cover the 
energy needs of the animal.” 

In harmony with the conclusion that the body nitrogen lost from the 


2 We are assuming here that only that portion of the body nitrogen excreted into the gut during the digestive 
period which is not reabsorbed and therefore appears in the feces, i.e., the metabolic fecal nitrogen, must be replaced 
in the tissues (the intestinal mucosa, the pancreas, etc.). Obviously all of the nitrogen thus excreted must be replaced. 
The distinction rests in the fact that replacement of the metabolic fecal nitrogen must be made from the food supply 
so that the replacement efficiency may fairly be assumed to be measured by the biological value of the feed protein. 
The replacement of the remainder of the excreted body nitrogen may be made from that portion of it which is reab- 
sorbed. In this case, the replacement efficiency may be nearly perfect, analogous to the circulation of the bile salts. 

It is interesting to note that Tsuboi as early as 1897 called attention to the fact that in the computation of the pro- 
tein requirements of man, the nitrogenous metabolic products of the feces must be considered, since they represent 
a loss of nitrogen in the body. 
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tissues to the feces must be replaced are the observations of Tarver and 
Schmidt (1942) and of Friedberg (1947) using dietary amino acids labelled 
with radioactive isotopes of sulphur or carbon, that protein synthesis is 
most active in the intestinal mucosa and next in the pancreas. Quoting 
Friedberg: 

“The interesting finding that the intestinal mucosa has the highest specific activity is ex- 
plained by us as being due to actual increased protein synthesis rather than to the conditions 
of the experiment. The intestinal wall secretes enzymes and mucous-proteins which are lost in 
enormous quantities (unlike other enzymes and proteins within the body). To compensate for 
this loss the intestinal wall may be more active in protein synthesis than other organs. If this 
explanation is correct, then the pancreas should also show a high turn-over rate: pancreatic 
juice contributes many enzymes needed for digestion. Actually Tarver and Schmidt found 
that the pancreas has the second highest specific activity among the organs of animals treated 
with isotopic methionine... .” 


If the coefficient of apparent digestibility of protein (A) is used in the 


evaluation of feeds as a source of protein rather than the coefficient of true 
digestibility (T), then equation (2) becomes 


F, = 6.25 (N:A+M)(BV). (4) 


From equation (3) it appears that the net protein requirement of an ani- 
mal is dependent upon the dry matter intake. However, the dry matter 
intake, D, required to satisfy the energy requirements of the animal is a 
characteristic of the ration fed and of the feeds of which it is composed, 
and might, therefore, better be considered a tax upon the feed rather than 
a variable factor in the animal’s requirements. The term (M- D) may there- 
fore be removed from the right-hand side of equation (3) and deducted from 
the net protein consumed as follows: 


D[6.25 (N- A+M)(BV)]=6.25 [E+G+M-D] 
D[6.25 (N- A+M)(BV) ]—6.25 (M-D) =6.25 [E+G] 
D{6.25[(N: A+M)(BV) —M]} =6.25 [E+G] (5) 


so that the net protein value of the ration and of each feed in it with its char- 
acteristic nitrogen content, N, becomes, per 100 gms. of dry matter, 


Fx =6.25 [(N-A+M)(BV) —M] (6) 


this characteristic protein value meeting the net protein requirements for 
maintenance and growth above. The truly digestible (metabolizable) protein 
content of a feed or ration would still be 6.25 (N- A+ M) and what we shall 
call the “available protein” content would be 
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M 
pose ln: A+M)-— —| (7) 
(BV) 


for each 100 gms. of dry matter in each case. 
In an analogous sense, the requirement of the growing animal for available 
protein would be 


I 
R,=6.25 (E+G) ——. (7a) 
(BV) 


These relationships between methods of expressing requirements for 
protein and the protein value of feeds or rations are shown in table 1. 

Of the four relationships shown in the table, only one is suitable for 
use as a ration standard. The presence of the term “D” in the require- 


TABLE 1. THE RELATION BETWEEN THE METHOD OF EXPRESSING THE 
PROTEIN REQUIREMENT OF THE ANIMAL AND THE METHOD 
OF EXPRESSING THE PROTEIN CONTENT OF A FOOD OR 
RATION TO MEET THAT REQUIREMENT 





‘mage a 
; : | Corresponding method of expressing 
Method of expressing the requirement of the | the protein content of its ration 


animal for protein per day | per 100 gms. of dry matter 














Net Protein Requirement Net Protein Content 
R,=6.25 (E+G+M - D) F,=6.25 (N- A+M)(BV) 
Requirement for Metabolizable or Metabolizable or Truly Digesti- 
Truly Digestible Protein ble Protein Content 
I 
Rn= 6.25 (E+G+M - D) Fn = 6.25 (N A+M) 
(BV) | 
Requirement for Apparently Apparently Digestible 
Digestible Protein Protein 


I 
Rasm6as4 | —e+c+m-D)| —M: o} Foa=6.25 (N- A) 
(BV) 











Requirement for Available Protein Available Protein Content 
I M 
R= 6.25 (E+G) F,=6.25 [x am] 
(BV) (BV) 





ment for truly digestible (metabolizable) protein {R») and for apparently 
digestible crude protein (Raa) necessarily implies multiple ration standards. 
Available protein R,, however, does not suffer from this liability. 
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The Metabolic Fecal Nitrogen 


The metabolic nitrogen of the feces originates within the body of the 
animal and is contained in the unabsorbed constituents of the digestive 
juices, cellular material and mucus derived from the gastric and intestinal 
mucosa, and cellular detritus from the bacteria and protozoa and yeasts that 
have developed in the fore stomachs of ruminants and in the large intestine. 
Its excretion in the rat and the pig, but not in man, is in part merely one 
phase of the minimum endogenous catabolism of nitrogen, and to this ex- 
tent, appears to be related to the metabolic mass of the body (W? or m? of 
body surface); but at maintenance and supermaintenance levels of feeding, 
the output of metabolic fecal nitrogen is related to the consumption of dry 
matter for rations of similar composition (Mitchell, 1926; Schneider, 1934, 
1935). The fiber content of the feed, but not the proportions of protein, 
digestible carbohydrate and fat (Mitchell, 1934), determines the ratio of 
metabolic fecal N to dry matter consumed. Even a closer relationship may 
exist between the metabolic fecal nitrogen and the fecal dry matter for man 
(Heupke, 1933) and for cattle (Mukherjee, 1946). 

The correlation of the metabolic fecal nitrogen with the dry matter in 
the feed consumed would induce a correlation between the content of feeds 
in conventional protein (NX6.25) on the dry basis and the coefficients of 
apparent digestibility, the extent of which would depend upon the dom- 
inance of metabolic products in the feces. Such a correlation was established 
many years ago for sheep by Stohmann (1869), who proposed a formula 
for the prediction of the digestible protein in a ration from its content of 
the main organic nutrients. The data in table 2, taken from Morrison (1936), 
illustrate this correlation well. If the metabolic fecal N on a roughage ration 
approximates 0.5 gm. of nitrogen per 100 gm. of dry matter consumed, the 
table also shows—last column—that this fraction of the fecal nitrogen ac- 
counts on the average for almost all of the total for roughages of low pro- 
tein content to two-thirds of the total for roughages containing 20 percent 
or more of protein on the dry basis. 


Estimation of the True Digestibility of Feed Proteins 


For separate classes of feeds, if not for the total of all roughages consid- 
ered in table 2, there seems to be a linear relationship between the fecal 
nitrogen per 100 grams of dry matter ingested (F) and the nitrogen con- 
tent of the feed expressed on the dry basis (N) described by the following 
equation: 


F=bN+M (8) 
100 (1—b) will be the coefficient of true digestibility and M will be equal 
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TABLE 2. THE RELATIONSHIP BETWEEN PROTEIN CONTENT OF ROUGH- 
AGES ON THE DRY BASIS AND THE APPARENT DIGESTIBILITY 
OF THE PROTEIN FOR RUMINANTS. (DATA TAKEN FROM 
MORRISON'S “FEEDS AND FEEDING,” 20TH EDITION) 





Apparent digestibility 











* Calculated from the equation 100A =42.64[(N X6.25) —5]?-248 in which 100A =the coefficient of apparent 
digestibility and N X6.25 =the percentage of conventional protein of the feed on the dry basis. 


Range in | Amd | Number | Poca Nive 
protein average | of feeds Average " ee 
cétitinabe paetein | i ues | cheneved, Calculated dry matter 
content | percent percent consumed 
2-4 3 Il 21.0 — 
4-6 5 15 35.0 | _ 
6-8 7 36 $0.9 | 49.5 0.57 i 
8-10 9 32 54.9 57.4 0.61 | 
10-12 II 13 61.4 62.6 0.66 i 
12-14 13 20 67.9 66.6 0.69 t 
14-16 15 22 72.0 69.8 0.72 i 
16-18 17 18 71.8 72.7 0.74 ; 
18-20 19 13 14.8 75.1 0.76 i 
20-22 a. 5 7.8 | 77.3 0.76 f 
22-24 23 4 ee en eee 0.76 
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Figure 1. Relation between fecal protein excreted /100 g of ingested dry 
matter and the protein percent of the dry matter ingested. 
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to the metabolic fecal nitrogen per 100 grams of dry matter ingested, repre- 
senting as it does the nitrogen of the feces when there is no nitrogen in the 
feed consumed. 

To test the suitability of this equation, published digestibility trials with 
sheep were consulted, and three sets of data referring to fecal NX6.25 per 
100 grams dry matter ingested and the NX6.25 percent of the ration fed 
were abstracted. The data for two of these sets are plotted in figure 1. A 
further series of values was calculated for groups of feeds from the data 
compiled by Morrison (1936). These sets were analyzed statistically and 
the equation fitted. In each case the variance of the food NX 6.25 was broken 
down into a regression component and the deviations from that regression. 
The variance and standard errors of both 100 (1 —b), the coefficient of true 
digestibility, and of 6.25 M, the metabolic fecal protein, were calculated 
from the residual variance by the usual methods. The results are sum- 
marized in table 3. 

Column 5 of table 3, the standard deviation of the conventional protein 
content, is included to show the amount of variation in composition in each 
set of data. The data in the sixth column are in good agreement with the 
scanty data available for sheep on the true digestibility of the respective 
conventional proteins, while inspection of the respective coefficients to- 
gether with their errors reveals wide differences, some of which can be 
judged significant. 

The intercepts on the F axis—the conventional protein excretion when 
there is no nitrogen in the dietary—show good agreement when allow- 
ance is made for the errors of estimation, with the exception of some of the 
values calculated from Morrison's data. This in the case of cereal straws is 
perhaps due to the possible elimination of negative digestibility coefficients 
or their conversion from negative values to zero when compiling the tables 
from which the data were abstracted. The standard errors of 6.25 M are 
large, and when corrected for the number of observations made are posi- 
tively correlated with the mean conventional protein content of the feed. 
This is merely the reflection of the greater error of extrapolation to the F 
axis in the case of feeds of high protein content and does not reflect non- 
homogeneity of the variances employed. 

It will be noted that, with only one exception, the values for metabolic 
fecal NX6.25 (=6.25 M) do not differ significantly from the experimentally 
determined value of 3.469 as determined by Harris and Mitchell (1941) 
with 8 sheep. Discarding the equations calculated from Morrison's data, the 
weighted mean value for metabolic fecal protein is 2.811 +0.676 per 100 
grams of dry matter ingested. The error attached to the latter estimate was 
computed from the pooled variances of the regression coefficients and the 
pooled residual variances. 
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TABLE 3. STATISTICAL CONSTANTS RELATING TO THE TRUE DIGESTI- 

BILITY T =100(1-b) OR METABOLIZABILITY OF DIETARY CONVENTIONAL 

PROTEIN AND THE METABOLIC PROTEIN (6.25 M) OF THE FECES OF THE 
SHEEP PER 100 GMS. OF DRY MATTER INGESTED 























n9 | | | | 
| | Intercept _ 
| | Mean | | Significance 
| conven; | seats —b)) =6.25 04 | of difference 
| tional | a te between 6.2 
= eo Standard | digesti- | metabolic M and Har : 
Feed pray ee deviation | bility co- | Standard | fecal | Standard | “208 arms 
or group cee |) ae of pro- | efficient | error of protein | error of | and Mélechell's 
. nl | | i 
of feeds fun } se ies 625 N tein or % of | 100(1—b)| per 100 | 625M ouperimantally 
tions | asa % : determined 
| content | protein gms. of 
of the | value of 
| iin metabo- dry site 
| | ape] lizable matter i. ed 
| ingested ai 
| oe | 
European | | 
grass | 
hays 1,23 29 | 9.75 | + 2.50 | 78.8 +3.9 2.942 +0.830 | not significant 
Alfalfa 4. 5,6, 7, | 
hays 8, 9, 10, 52 | 16.78 | + 3.12 88.1 +2.4 2.860 +0. 406 | not significant 
II, 12, 13 | 
Pasture 3, 14, 15, | 
grass 16, 17, 18,| 76 18.39 | + 5.42 93.1 +2.3 2.728 +0. 439 | not significant 
19 
Cereal | 
straws 20 14 4-01 | + 0.94 67.2 +3.0 1.673 +0.4c1 | see text 
Root crops 20 12 12.74 | t 3.69 90.7 +9.2 2.371 +1.201 | not significant 
| | 
Silages 20 15 9-92 | + 3.43 80.0 +6.7 1.972 +0.906 | not significant 
| | 
Oil seed | 
cakes and 20 | 15 35-97 £12.14 91.4 +3.6 1.840 + 1.637 | not significant 
meals | | 





























* References in column 2: 1. Briine, Richter and Briiggemann (1935); 2. Watson and Horton (1936); 3. Watson 
(1939); 4. Mitchell, Kammlade and Hamilton (1928); 5. Sotola (1927); 6. Sotola (1933); 7. Woodman and Eden (1935); 
8. Woodman, Evans and Norman (1933); 9. Forbes, Fries and Braman (1925); 10. Newlander, Ellenberger, Camburn 
and Jones (1938); 11. Newlander, Ellenberger, Camburn and Jones (1940); 12. Dawson, Kopland and Graves (1940); 
13. Kiesselbach and Anderson (1926); 14. Woodman, Norman and French (1931); 15. Woodman, Norman and Bee 
(1928); 16. Woodman, Blunt and Stewart (1927); 17. Woodman, Blunt and Stewart (1926); 18. Burkitt (1940); 19. So- 
tola (1941); 20. Morrison (1926). 


This value does not differ significantly from the experimental one. The 
small difference between the calculated value and the experimental value, 
although not significant, may be due to the difficulty of obtaining a nitro- 
gen-free diet for the ruminant. Thus, Mitchell and Harris’ sheep were fed 
a diet containing 0.136 percent N derived from wheat straw. Using the true 
digestibility coefficient of table 3 for cereal straws, this would mean a re- 
duction of 3.469 by 


100— 67.2 
X0.136 X6.25, 
100 








a 














a 
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giving a value of 3.18. The difference between this value and the value cal- 
culated by regression analysis is only 12 percent. 

Even this small difference, however, raises the question as to whether 
allowance should be made for the constant or “endogenous” fraction of 
the metabolic fecal nitrogen in computing the nutritive value of feeds. The 
dry matter intake of Mitchell and Harris’ sheep was between 250 and 350 
grams daily. In the case of the data for the sheep fed pasture grass, the in- 
take was approximately 1000 grams. The small apparent decline in fecal 
NX6.25 per 100 g. dry matter ingested (F) suggests that any constant 
fraction has but little effect on the metabolic fecal nitrogen per 100 gm. dry 
matter intake, provided that dry matter intakes fall within a range com- 
mensurate with the normal. This would correspond to the flat part of Schnei- 
der’s (1934) curve for the rat, in which metabolic fecal nitrogen per 100 gm. 
dry matter ingested is related to dry matter ingestion. 

Using the data of table 3, and equations ('7) and (8), the available protein 
content of some common feeds has been calculated. By combination, the 
joint equation for computation of the available protein content of feeds be- 
comes 


F,= | Ni —b) -—] X6.25. (9) 


As a value of (BV), the mean biological value of ration NX6.25 in the 
ruminant, the value of 60.8 + 2.43 (Johnson, Hamilton, Mitchell, and Rob- 
inson, 1943) has been used. 

In calculating the values given in table 4, the value of 2.811 has been 
taken for the metabolic fecal protein. It will be noted that in the case of 
poor quality straws the protein value is negative, for the metabolizable pro- 
tein cost of their digestion, 6.25 [M/(BV)], exceeds their content of metab- 
olizable protein, [6.25 N(1—b)]. They therefore supply no metabolizable 
protein for maintenance or anabolism and are in fact a drain on other pro- 
tein constituents of the ration as far as meeting these requirements is con- 
cerned. 

The requirement met by the available protein of these feeds is, as shown 
in table 1, the available protein requirement, that is, the metabolizable pro- 
tein requirement with reference to the endogenous catabolism and protein 
storage in growth (E+G). The metabolizable protein cost caused by the 
fecal loss of N that their ingestion entails is specifically excluded. 

It is of interest, therefore, to recalculate Blaxter and Price's (1946) rations 
to see whether or not their basal ration was indeed sufficient and whether 
the effects of supplementation are in agreement with expectation in view of 
these new ideas. This is briefly shown in table 5. 

Table 5 shows that instead of the basal ration being adequate, it was, in 
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TABLE 5. THE PROTEIN REQUIREMENT OF BLAXTER AND PRICE'S EXPERI- 
MENTAL HEIFERS IN TERMS OF AVAILABLE PROTEIN AND THE 

AVAILABLE PROTEIN CONTENT OF THE RATIONS USED 








Younger Older 





Per day animals | animals 

Requirement of protein as given in their paper | 0.48 | 0.47 
Adjustment to the above for the fact that a biological value of 50 was | | 

used in their calculations, instead of 60.8= Available Protein Re- | 

quired | 0.40 0.39 
Apparently digestible protein which gave poor growth 0.45 0.46 

Available Protein Content of This Ration* | o.221 | 0.185 
Apparently digestible protein which gave normal growth | 0.70 0.71 

Available Protein Content of This Ration* | 0.471 0.435 








* Calculated by deduction of Dj((M/BV) —M] X6.25 from the apparently digestible crude protein content of the 
rations. 


fact, decidedly inadequate, supplying but circa 50 percent of the minimum 
protein requirement. It is only when the correct relation between food N 
and N requirement is used, involving a proper consideration of the metabolic 
fecal nitrogen, that this deficiency is apparent. The addition of sufficient 
protein to this ration to equate requirements in terms of available protein 
remedied this deficiency. The further addition of 0.25 Ib. of pure protein 
had no effect, since minimal requirements had been satisfied. 


The Calculation of Protein Requirements by the 
Factorization Procedure 


To illustrate the methods of calculation of dietary protein requirements, 
two sets of calculations are appended: the first refers to the protein require- 
ments of growing-fattening Shropshire ewes, and the second, to the growth 
of Holstein heifers. Table 6 shows the calculations for the sheep, and the 
results are shown graphically in figure 2 in comparison with current feeding 
standards. 

A consideration of table 6 shows that the requirements of protein ex- 
pressed as apparently digestible conventional protein are not independent 
of the food supply. The two estimates illustrate two different conditions of 
feed supply which are probably not in any way indicative of the maximal 
range of variation which can occur; in fact, the second estimate is probably 
an underestimate of apparently digestible protein requirements as far as 
wartime and postwar conditions in Europe are concerned. One feature of 
these estimates is that they emphasize the high requirement of the young 
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TABLE 6. THE PROTEIN REQUIREMENTS OF GROWING AND 
FATTENING SHROPSHIRE EWE LAMBS* 







































































Peele Pll -Pltlel= 
| | Good food supply Poor food supply 
3 € 
i a 7 > |= §> 3 : Ge Bas 
2 |S $§4| .3 9 SS \3E | $ |% 
»| |de]¥3l~ lees gg leg2_| BE IEE S.J | BR IEE 
$ 2 zy £ R28) 5& is g>| w& [58 ze 2 > o & 3-8 
A 2 rt] s .=4 £ 22> ae Qe «a oe re Qs cr) Be > 
s| € | 88| ee) 5 (S86) of Hs] $3] 88 SE EE) BS | 88 SE 
Si = ica i § Ege 35 lee a3 | 25 Bez |Ss a3 35 Bes 
2 3s a5 (2 $5 | 28% |g $5 |88 
2s & $3 g | Xz EZ $e (se : &F |a54/S&) > e |aou 
3| <¢ fs | 23 288) <f lac] F2| $2 |SkR ios £8| $2 |SE8 
Ibs.| months| Ibs. | g | g | g. | tbs. | %| tbs. | tbs. | tbs. | %| ibs. | toe. | Ibs 
20 1.0§ | 1.20 5.6 | 30.7 36.3 j O-13t 98 | 1.22 | 0.187 | 0.153 | 79 | 1.52 | 0.202 | 0.159 
50 3.98 | 1.595 | 11.1 24.5 35.6 | 0.129 | 77 | 2.01 | 0.222 | 0.166 | $7 | 2.72 | 0.255 | 0.179 
qo | 5.72 | 1.67 | 13.5 | 20.2 | 33.7 | 0.122 | 73 | 2.29 | 0.228 | 0.164 | 55 | 3.04 | 0.263 | 0.178 
go | 8.49 | 1.72 | 15.2 | 15.7 | 29.9 0.108 | 71 | 2.42 0.220 | 0.152 | 52 | 3.31 | 0.262 | 0.169 
110 | 12.39 | 1.72 | 16.4 | 11.0 | 27.4 | 0-099 | 71 | 2.42 | o.arr | 0.143 | 51 | 3.37 | 0.255 | 0.161 
130 | 19.05 | 1.68 | 17.3 6.0 | 33-3 | 0.084 | 69 | 2.43 | 0-197 | 0-129 | 49 | 3-43 | 0.243 | 0.147 























* The following notes refer to the column numbers above, for which explanations are given: (1) From the growth 
equation of Kammlade (1931) W = 150 —2.44e- 1tt where W =the weight of the ewe in lbs. and t the age counted in 
months from conception. (2) Calculated from Brody's (1932) prediction equation for the basal metabolism of the 
ewe, Mitchell, Hamilton and Kammlade’s (1932) data on carcass energy storage, using the conversion factors of 
Forbes and Kriss to convert net energy to total digestible nutrients (1931). (3) Taken to be 12.5 mg. of protein per 
calorie of basal heat production (Smuts, 193; Smuts and Marais, 1940). (4) These are the N 6.25 content of growth 
increments calculated from Mitchell, Hamilton and Kammlade’s (1932) slaughter data on ewes. (5) This is the sum of 
columns 3 and 4. This is equal to Rn of table 1 minus 6.25 XM - D. (6) This represents Rg of Table 1. It is obtained 
by division of the net protein requirement for maintenance and growth (column 5) by BV, and conversion into 
pounds. A value of 60.8 has been taken for the mean biological value of protein in the ruminant (Johnson, Hamilton, 
Mitchell and Robinson, 1942). (7) Typical rations were compounded from a selection of good and poor feeds respec- 
tively, suitable for each body weight class, and the ratio of TDN/DM calculated, using Morrison's (1936) tables of 
food composition. (8) Calculated from the TDN/DM ratio of column 7 and the TDN requirement as given under 2 
above. (9) This represents Ry of table 1. It is obtained by the addition of 6.25 XM - D/BV to the available protein 
requirement of column 6 using the respective values of D in columns 8. It is the requirement of the ewe expressed in 
terms of truly digestible provein. The metabolic fecal N X6.25 was taken to be 2.811 lbs./100 lbs. of dry matter 
ingested. (10) This represents Ragof table 1. It is obtained by subtraction of 6.25 XM - D from the metabolizable pro- 
tein requirement of column 9, again using the respective values of D in columns 8. This is the requirement met by cur- 
rent tables of the digestible crude protein content of farm feeds. 


animal for protein, and a smaller requirement of the older animal. 

It is of considerable interest that in the case of the almost mature ewe, 
weighing 130 lbs., the replacement of the wastage of body nitrogen inci- 
dental to the ingestion of food is by far the most important part of the re- 
quirement. Of the total metabolizable protein required at this time (Rm), 
0.084 Ib. of protein is needed to cover the endogenous loss and to meet 
the growth requirement (G). For replacing the metabolic fecal N wastage, 
0.113 to 0.159 lb.’ of metabolizable protein are required, that is, approxi- 
mately 60 percent of the total requirement of metabolizable (truly digestible) 
protein. 


3(Rm —Rg) or 0.197 —0.084 =0.113 for good rations and 0.243 —0.084+0.159 for poor rations. 
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Figure 2. The protein requirements of growing and fattening 
Shropshire sheep. 


Table 7 includes estimates of the protein requirements of Holstein heif- 
ers. The same general picture is true. At a weight of 1200 lbs., the require- 
ment of the animal for metabolizable protein is largely determined by the 
replacement of the losses of body protein incidental to food consumption. 
A comparison of the results in terms of apparently digestible conven- 
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tional protein with the Morrison Standard (1936), as shown in figure 3, still 
shows that the Morrison Standard tends to underestimate the requirements 
of the young animal and to overestimate by a considerable margin the re- 
quirement of the older animal. This is in agreement with the earlier calcula- 
tions of Mitchell (1929). 

In both tables requirements expressed in terms of available protein ap- 
pear to be the most suitable for practical use. These are independent of food 
supply when used in conjunction with tables of “‘available protein content” 
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Figure 3. The protein requirements of Holstein heifers. 
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of feeds, which may readily be calculated from tables of apparently digesti- 
ble protein content by the deduction of 


M 2.811 
6.15(—_-M) or ( -2.811) =1.8 
(BV) 0.608 





from each percentage value of apparently digestible protein on the dry basis. 
A feed with 12.5 percent apparently digestible crude protein on the dry 
basis has an available protein content for the ruminant of 10.7 percent; one 


TABLE 7. THE PROTEIN REQUIREMENTS OF HOLSTEIN DAIRY HEIFERS, 
GROWING ACCORDING TO THE DATA PRESENTED BY 
ESPE, CANNON AND HANSEN (1932)* 
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tbs. ‘months| tbs. |g. |e | e | Ws. | %| tbs. | tbs. | tbs. | % | tbs. | ths. | tbs 
200 3.0 | 4.98 | 28 191 219 | 0.806 | 99! 5.0 / 1.04 | 0 897 | 75 6.6 | 1.101 0.918 
400 6.6 | 7.48 b 33 154 27 | 0.762 go, 8.3 | 1.15 | 0.912 | 66 | 10.7 | 1.257 | 0.956 
600 | 10.6 | 8.71 | 65 118 183 0.673 | 83 | 10.5 | 1.16 | 0.863 | 59 | 14.7 | 1.352 | 0.939 
B00 | 15.4 | 9.61 | 75 86 161 | 0.592 | 76 12.6 | 1.17 | 0.820 | 51 | 18.8 | 1.461 | 0.933 
1000 | 21.3 |10.4§ 83 56.5, 139 0.512 | 70 | 14.9 | 1.20 | 0.781 | 50 | 22.7 | 1.561 | 0.923 
1200 | 28.9 [11.46 | 91 30.4) 121 | 0.446 | 65 | 17.6 | 1.26 0.765 | 42 | 27.3 | 1.708 | ©.940 

















* The following notes refer to the column numbers above, for which explanations are given: (1 and 2) Based on the 
growth data of Espe, Cannon and Hansen (1932) which are fitted to a weight of 1200 lbs. by the equation W = 1800 
—12560e —0.0378t where W is the weight in lbs. and t is age counted in months from conception (Brody, 1927). (3) 
Calculated from the basal metabolism equation of Brody (1932), making allowance for an activity increment of 45 per- 
cent, adding to this the energy content of gains in weight calculated by age equivalence from those of the Missouri 
steers (see Mitchell, 1929). Conversion of the net energy required to TDN was by means of the factors of Forbes and 
Kriss (1931). (4) Calculated from the basal energy metabolism. Brody (1932) using the relation of 12.5 mg. protein 
per basal calorie (Smuts, 1935). (5) Calculated on the basis of the age equivalence of bodyweight gains in N content 
(see Mitchell, 1929). (6) This is the sum of columns 4 and 5. It is equal to Rn of Table 1 minus 6.25 XM - D. (7) This 
represents Rg of table 1. It is obtained by division of the net protein requirement for maintenance and growth (column 
6) by BV and conversion into pounds. A value of 60.8 has been taken for the mean biological value of protein in the 
ruminant (Johnson, Hamilton, Mitchell and Robinson, 1942). (8) Typical rations were compounded from a selection of 
good and poor feeds respectively, suitable for each body weight class, and the ratio of TDN/DM calculated using 
Morrison's (1936) tables of feed composition. (9) Calculated from the TDN dry matter ratio of columns 8, and the 
TDN requirement as given in column 3. (10) This represents Rm of Table 1. It is obtained by the addition of 6.25 
X[M - D/(BV)] to the available protein requirement listed in column 7, using the respective values of D from columns 
8. It is the requirem:nt of the heifer expressed in terms of truly digestible protein. The metabolic fecal protein was 
taken to be 2.811 lbs./100 Ibs. dry matter ingested. (11) This represents Raq of table 1. It is obtained by the subtrac- 
tion of 6.25 X{M -D) from the metabolizable protein requirement of coiumn 10, again using the respective values of 
Din columns 8. This is the requirement of the heifer which is met by the values given in current tables of the digesti- 
ble crude protein content of farm feeds. 
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with 1.0 percent digestible crude protein has an available protein content 
of —o.8, or is, in other words, a tax on the protein economy of the animal. 

Figure 3 also includes an estimate of protein requirements as calculated 
by Ellis (1937) in Great Britain. This is in terms of “protein equivalent,” 
namely, the digestible pure protein N plus 50 percent of the digestible 
non-protein N of the feed multiplied by 6.25. On a digestible conventional 
protein basis this requirement would be slightly higher, and consequently 
this standard also overestimates protein requirements, as was indeed shown 
by Blaxter and Price, in the case of more slowly growing animals. Similarly, 
Armsby’s standard (191'7) also considerably underestimates the protein 
requirement of the young animal, although since his standard was expressed 
in terms of digestible pure protein NX6.25, the underestimation is not so 
great as in the case of the Morrison Standard. 

In figure 2 a comparison is made of the protein requirements of the sheep 
as calculated by this method and the feeding standards which are in current 
use in both Great Britain and in this country. Wood's standard (Wood and 
Woodman, 1936) as restated by Woodman, Evans, and Eden (1937) is ob- 
viously too high, while, for the older animal, Morrison's (1936) standard is 
also too high an estimate. Agreement with Armsby’s standard (1917) is 
reasonable over a considerable range, especially as it is expressed in terms 
of apparently digestible pure protein, and not conventional protein. Never- 
theless, its use would entail undernutrition of the younger animal. 

Discussion 

The results of the application of the reasoning presented in the fore part 
of this paper illustrate the magnitude of the errors which can result by fail- 
ure to take into account the metabolic N of the feces. In the ruminant, when 
existing on feeds of low protein content, low digestibility and high in fiber, 
the metabolic N of the feces plays an extremely important part in determin- 
ing the protein requirement. In the young animal, in which the growth of 
new tissue is at its highest rate, some 20 percent of the requirement of truly 
digestible (metabolizable) protein is for the replacement of the metabolic 
fecal loss, while at maturity over 60 percent of the total requirements are 
determined by this factor (see figure 4). 

It seems logical to suppose that this factor must be concerned in the 
protein nutrition of other animals, including man. Its eftect on the pro- 
tein requirements of rapidly growing monogastric animals would, how- 
ever, be a subordinate one, because of the higher available energy content of 
the dry matter consumed. Thus, calculations for the mature non-pregnant 
sow suggest that the metabolic fecal N could account for only some 16 per- 
cent of the total requirement (Mitchell, 1946). 
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The principle of correcting the feed NX6.25 for this factor seems log- 
ically and practically justified because of: (1) the simplicity of calculation, 
(2) the good agreement of the calculated values with published experi- 
mental work, and (3) the fact that no change in the usual methods of ration 
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computation is necessary. The method has distinct advantages for the state- 
ment of ration standards, as shown by the specific example of its application 
to a critical experiment. On the basis of this method of approach, the marked 
variation noted in protein standards for ruminants may in fact be partially 
due to the character of the rations fed, bulky fibrous diets entailing greater 
dietary protein requirements. 

The energy contained in the nitrogenous compounds of the feces of meta- 
bolic origin, together with the energy contained in the metabolic fecal fat 
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(Krakower, 1934; Shapiro et al., 1936; Nufiez and Bargen, 1942), must be 
replaceable from dietary energy.‘ This fraction of the fecal energy, originat- 
ing as it does from the tissues and escaping reabsorption from the intestine, 
must be replaced from feed energy, very probably with an efficiency of 
less than 100 percent. Just as with the metabolic fecal nitrogen, this meta- 
bolic fecal energy is an item in the energy requirements of an animal. Or if it 
varies with the nature of the food supply, as does the metabolic fecal nitro- 
gen, it may legitimately be charged against the metabolizable (or net) en- 
ergy of the ration, or of the feeds composing it. The Armsby system of 
computing the net energy requirements of animals (or the net energy value 
of farm feeds) is presumably in error by the amount of the metabolic fecal 
energy, or by some function of this amount. Investigations concerning the 
magnitude of this energy item and the factors that modify it, particularly 
in the ruminant, have not been reported in the literature in so far as the au- 
thors are aware. 
Summary 

1. The factorial method for the estimation of the protein requirements of 
animals is briefly outlined, and the divergence between such estimates for 
cattle and sheep and accepted feeding standards is discussed. 

2. The metabolic fecal N which can be regarded as an inevitable loss to 
the body has been incorporated as a term in the general factorial procedure, 
and it is shown that the requirement of the animal for digestible protein 
cannot be divorced from the character of the ration which is fed, because 
the latter determines the output of metabolic fecal nitrogen. 

3. The term “available protein,” represented by the equation 


M 
F.=6.25[ -A+M)-——| 
(BV) 


where N =the N content of a feed on the dry basis, 
A=the apparent digestibility coefficient of the N of the feed ex- 
pressed as a decimal, 
M =the metabolic fecal N per 100 g. dry matter ingested, 
BV =the average biological value of truly digestible NX6.25 in the 
ruminant, 
is suggested, to obviate the difficulties of multiple ration standards implied 
under 2 above. Available protein represents the metabolizable protein of a 


4 The endogenous urinary energy, i.e., the gross energy content of the urine per day when the animal is on a 
nitrogen-free ration, is a replaceable item also in the energy metabolism. The net energy needed for maintenance would 
thus be the sum of the basal metabolism and the endogenous urinary energy. The latter item is a small one quan- 
titatively, comparatively speaking. 
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fe-d, taxed for the loss of body N which its ingestion entails and thus avail- 
able for covering endogenous losses and the demands of other anabolic proc- 
esses. 

4. A method of calculation of the true digestibility coefficients of feeds 
and classes of feeds is presented, and it is shown that the same equation may 
be used to predict accurately the metabolic fecal N. 

5. A table of feed composition, illustrating the computation of metab- 
olizable, apparently digestible, and available protein is given, based on the 
above methods. 

6. The importance of the metabolic fecal N in determining the minimum 
requirement of protein of the ruminant is shown by the explanation thus af- 
forded of the anomalous results obtained when rations high in fiber are fed 
to cattle. 

7. Two examples of the factorization procedure are given: for growing 
and fattening ewe lambs and for Holstein heifers. In both cases the effect of 
nigh quality and poor quality rations (as judged by the ratio of TDN to 
DM they contain) is illustrated. 

8. It is shown that the metabolic fecal loss of N may account for some 20- 
40 percent of the requirement of the ruminant for metabolizable protein, 
depending on age of the animal. The effect of this factor on the protein re- 
quirement of monogastric animals is briefly discussed. 

9. The metabolic fecal loss of N, entailing its replacement by truly diges- 
tible N, accounts for a part of the discrepancy between practical feeding 
standards and the factorized requirement. Nevertheless, it appears that cur- 
rent standards still tend to underfeed young animals and to overfeed more 
mature animals as far as their protein requirements are concerned. 

10. The metabolic fecal energy is presumably in the same category with 
reference to energy requirements of animals as the metabolic fecal nitrogen 
with reference to protein requirements. But before net energy requirements, 
or the net (or metabolizable) energy value of feeds can be corrected, infor- 
mation must be obtained on the magnitude of the metabolic fecal energy and 
its determining factors. 
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APPLICATION OF A LIGNIN RATIO TECHNIQUE TO THE 
DETERMINATION OF THE NUTRIENT INTAKE 
OF GRAZING ANIMALS! 


R. M. Forses AND W. P. Garricus 
Kentucky Agricultural Experiment Station 


HE problem of determining accurately the feed intake of animals grazing 
on pasture has been a subyect of varied research and thought. The sub- 
ject has been well reviewed (Garrigus, 1939; Aamodt, Lush and Garrigus, 
1943). In previous experiments attention was devoted to determination of 
feed intake with scant attention being paid to the digestibility of separate 
nutrients. In the report of Gallup, Hobbs, and Briggs (1945) it was em- 
phasized that digestion coefficients could be calculated and feed intakes 
determined for animals on pasture if some “tracer’ material could be 
found. This material would have to be present naturally in the feed, yet 
be neither digested nor absorbed by the animal. Such conditions are ap- 
parently met by lignin, as analyzed according to the technique devel- 
oped recently by Ellis, et al. (1946). These investigators found that lig- 
nin, as determined by their method, was not digested to a significant 
degree by cows on a mixed feed, nor by sheep on dried Sudan grass. The 
same finding has been reported for sheep on mixed feeds (Swift, 1947), 
clover-timothy hay (Forbes, 1946) and Korean lespedeza hay cut at four 
stages of maturity (Corbin, 194'7). No previous reports concerning the ap- 
plication of the revised lignin procedure to fresh forages have come to the 
attention of the authors. 
The present report concerns our first year’s experience in applying the 
lignin ratio technique to the determination of dry matter intake and digesti- 
bility of forages by grazing steers and wethers. 


Experimental 


Steers 


Six grade Hereford steers, ranging in weight from 660 to 790 pounds 
were placed on Kentucky bluegrass experiments early in May and continued 
on the same forage through the middle of August. The steers were divided 
into two equal groups. While one group was permitted to graze at will the 
other was confined in digestion stalls and fed fresh blue grass clipped daily. 
The grass was clipped at a 2inch level with a gasoline-powered mower each 
morning and raked into large galvanized pails equipped with tight lids. A 
sample of the grass was immediately placed for drying to constant weight in 


1 The investigation reported in this paper is in connection with a project of the Kentucky Agricultural Experi- 
ment Station and is published by permission of the Director. 
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a heated, forced draft stack. The percentage of dry matter was determined 
within 2-3 hours after the grass was cut. Using this figure, the freshly 
clipped grass was weighed into individual portions of feed in such amount 
that the steers received six pounds of dry matter daily. Another sample of 
the clipped grass was taken daily and dried in the forced air stack with little 
heat since temperature of drving samples may affect the lignin determination. 
At the end of each experimental period these second samples were com- 
posited and used as the feed sample for both the inside and outside steers. 
In order to compensate for the effect of changes in the chemica] composition 
of the forage during the experimental periods, the samples taken for com- 
positing represented forage fed the last two days of the five-day preliminary 
period and the first six of the eight-day collection period. While it is realized 
that these periods are shorter than those generally used in digestion trials, 
it was considered that in view of the constantly changing composition of the 
forage, longer periods might introduce as much error as would be eliminated 
by their use. 

Seven trials were conducted, the groups of steers being reversed in each 
succeeding trial. During the collection period total feces were collected 
from each animal by use of a harness and sack which the animal wore with- 
out observable discomfort or inconvenience. Collections were made daily 
from the “inside steers” and twice daily from the “outside steers.” A four 
percent aliquot of each collection was made and partially dried in a forced- 
draft oven at 69°C. The samples were then allowed to come into moisture 
equilibrium with the air, were weighed, ground and stored in sealed bottles 
until analyzed. A similar aliquot was preserved in the fresh condition, by 
quick freezing, for nitrogen analysis. 

A four-acre bluegrass pasture was divided into thirds for these experi- 
ments. This pasture had been grazed rather heavily for a number of years. 
Through the winter of 1946-47 it was grazed by two Suffolk mares until 
early March. Ammonium nitrate had been applied each spring for the past 
four years at rates of 100 to 200 pounds per acre, in 1947 the rate being 200 
pounds. 

Grass was always clipped from section C of the pasture for feeding to 
the steers on digestion trial, while sections A and B were alternately grazed 
by the “outside” steers. All forage samples used in analyses were obtained 
from the grass clipped from section C. Through the first four trials the 
pasturage consumed concurrently by the inside and the outside steers was 
of comparable stage of maturity. Through an oversight, the clippings fed 
to the inside steers and serving as samples of forage consumed by the outside 
steers were not comparable in stage of maturity to the forage grazed by the 











DetTeRMINING NuTRITIVE VALUE OF FoRAGES 3°75 


outside steers in the last three trials so that the results of these latter trials 
have been discarded. 


TABLE 1. SCHEDULE OF EXPERIMENTS WITH STEERS 
























































Trial , Collection Type of Wee 
No. | Animals poy | as | Description of forage 
I I, 2,3 | 7-15 May | Outside | Bluegrass 10-12 inches tall. Total 
growth of the year. 
45,6 | 7-15 May | Inside | 
4,5;6 | 22-29 May | Outside | Bluegrass 24-25 inches tall. In full 
2 ' bloom. 
1,2,3 | 22-29 May Inside 
13:4 | 8-15 June | Outside | Bluegrass, growth since 17 May. 
3 Grass short, with seed head form- 
4, 5,6 | 8-15 June | Inside ing. 
45,6 | 21-28 June Outside | Bluegrass, growth since 5 June. 
4 Grass drier and coarser than in 
1,25 | 21-28 June | Inside trial 3. 
5 | 45,6 | 9-15 July | Inside | Bluegrass, growth since 17 May. 
6 | 1,2,3 | 24 July-1 August | Inside Bluegrass, growth since 5 June. 
7 | 4.356 | 6-14 August | Inside | Bluegrass, growth since 5 June. 
Wethers 


A total of fifteen wethers were used in the experiments reported here. 
With few exceptions groups of three were maintained on the same forage 
through a series of “inside” and “outside” trials. The major differences in 
conduct of the experiments with wethers compared to those with steers were 
(1) that there were no simultaneous inside and outside trials on the same for- 
age, (2) clippings of grass representative of that consumed by the outside ani- 
mals were made daily from the same area that was being grazed, and (3) total 
feces were collected and dried for analysis since preliminary investigation 
showed no loss of nitrogen during drying of feces from sheep on pasture. 
During the inside trials the lambs were confined to digestion stalls and bed- 
ded on wood shavings. Although it had not been observed previously at this 
station some of the lambs developed the habit of eating their bedding, so that 
the results of the majority of the inside trials are not reliable. For two inside 
trials the lambs were placed in metabolism crates with die-stamped metal 
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flooring. In these latter trials the feed intake was only that intended. 

The orchard grass and Kentucky 31 fescue used in these trials were grown 
on thin, eroded soil that was planted to these grasses after soybeans had 
been plowed under in 1945. Late in the fall of 1946 an application of complete 
mixed fertilizer was made. 

The ladino clover was seeded in the fall of 1945, had been clipped and 
grazed by sheep in 1946, and was very weedy. The field was low-lying and 
very fertile soil. Hogs had fed on it for years. 


TABLE 2. SCHEDULE OF EXPERIMENTS WITH WETHERS! 














| Animals — — Description of forage 
OG1 | 3 yearling | 8-15 May | Outside | Orchard grass 12-14 inches tall. 


wethers 





| 
OG3 | Same 3 yearling | 16-23 June | Outside | Orchard grass, about 3 weeks 
| wethers | | growth. 
| 





OG4 | 3 wether lambs 27 July-4 August 





Outside | Orchard grass, about 7 weeks old 
| 








L2 3 yearling | 2-9 June | Outside | Ladino clover, about 12 inches 
wethers | | tall, immature. 
L3 | 4 yearling | 6-12 July | Outside | Ladino clover, lodged, 12 inches 
| wethers | tall, mature. 
Bo | 3 yearling | 3-10 July | Outside Bluegrass, growth since 6 June. 
| wethers | Coarse and dry. 








1 Kentucky 31 fescue trials were conducted simultaneously and with similar animals under similar conditions as 
the Orchard grass trial. 


Results and Discussion 


Figure 1 shows the relationships, obtained in the steer experiments, be- 
tween dry matter digestibility and lignin content of the forage. Each point 
represents the average of three determinations. The lines of best fit were 
drawn by the method of least squares. The upper line is drawn from data 
obtained from the inside trials by application of the lignin ratio method and 
the middle line by application of the conventional method of determining 
digestibility. The odds that the difference between these two lines is sig- 
nificant are 6.5:1. The average recovery of lignin for the seven trials is 
102% +7. The third line indicates the result of application of the lignin 
ratio technique to the outside trials. Statistically, this line is different from 
the upper line (odds 65:1) but not from the middle line (odds 7: 1). 

The experiments with steers were planned so as to make possible a com- 
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parison of the results obtained by the lignin ratio technique with those 
obtained by the dry matter ratio and a simultaneous dry matter ratio. The 
calculation of feed intake by the lignin ratio involves collection of all feces 
excreted by the grazing animals during the experimental period, the determi- 
nation of lignin in the feces and forage, and calculation of the total lignin 
output. If it is then assumed that the lignin in the feces represents all of the 
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Figure 1. Digestibility of bluegrass by steers. 


lignin consumed in the forage, the feed intake can be calculated. For example, 
if three pounds of lignin are excreted during a collection period, and the 
average lignin content of the forage for that period is 3%, the dry matter 
intake for the period will be 100 pounds. The calculation of feed intake by 
the dry matter ratio involves determination of dry matter digestibility in a 
conventional digestion trial, and the assumption that the same animals will 
digest dry matter of the same type of forage to the same extent when grazing 
during a preceding or following period as they did during the digestion trial. 
The calculation of feed intake by simultaneous dry matter ratio is carried 
out in the same manner as by the dry matter ratio except that two similar 
groups of animals are used simultaneously, one on digestion trial and one on 
grazing trial, and the assumption is made that the feces of the grazing animals 
represent the same percentage of the intake as do those of the animals on 
digestion trial. 
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Table 3 shows the average daily dry matter intake for the grazing steers 
as calculated by the lignin ratio, dry matter ratio, and simultaneous dry 
matter ratio. In view of the varying digestibilities obtained between the 
inside trials, as shown in figure 1, it is not surprising that the dry matter 
ratio gives results at variance with those obtained by the lignin ratio. The 


TABLE 3. COMPARISON OF DRY MATTER INTAKES (lb./day) CALCULATED 
BY THREE METHODS FOR STEERS GRAZING ON BLUEGRASS 














| Ligni | Simultaneous 
Trial | 8 Dry matter ratio dry matter 
| ratio | ssid 
I | 14.9 11.4> 14.6 
3 14.0 16.0% 12.8> 14.6 
2 12.2 19.8* 14.0> 15.5 
4 3.3 | 15.8 12.15 13.9 








@ Indicates comparison with preceding digestion trial. 
> Indicates compariscn with the following digestion trial. 


fact that the simultaneous dry matter ratio shows good agreement with the 
lignin ratio in three cases out of four would seem to indicate that the latter 
method gives dependable results. 

Figure 2 shows the relationship between dry matter digestibility and 
lignin content of four forages consumed by grazing sheep. Since doubt is 
cast on the results of the inside trials with sheep, due to consumption of 
bedding, the data from these trials are not included. Two trials were con- 
ducted with sheep in metabolism crates. In one of these trials the fescue 
being fed was so coarse and unappetizing that the animals consumed only 
small and irregular amounts, and the trial was not considered valid. In the 
other trial, orchard grass was fed, and although it was coarse, only a small 
portion of the feed was refused. The data from this trial would fall slightly 
above a line extended beyond the orchard grass data in figure 2. The average 
recovery of lignin in this trial was 105.4%. If the several dry matter diges- 
tion coefficients obtained in the conventional manner from the inside trials 
were placed on figure 2, they would lie somewhat above the line and would 
decrease its slope. 

Table 4 shows the coefficients of correlation obtained from a study of the 
chemical composition of the forages in relation to the total digestible nu- 
trient content as determined in these experiments. Three highly significant 
correlations are evident in this table, a positive one for protein vs. TDN 
for steers and negative correlations for lignin vs. TDN for both steers and 
wethers. 
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TABLE 4. CORRELATION OF CHEMICAL COMPOSITION OF FORAGES 
WITH TOTAL DIGESTIBLE NUTRIENT CONTENT 














Type of : Crude | N-Free ee 
animal Protein fiber extract Lignin 
Steers! | -93 | —.78 36 | —.93 
Wethers? 64 | —.72 — .63 | —.96 

1 On Kentucky bluegrass. 
2 On all forages. 


Table 5 shows the digestible protein and total digestible nutrient content 
of the bluegrass and the intake of nutrients by grazing steers in four trials. 
The nutrient content of the forage as calculated from the inside trials closely 
parallels that calculated from the grazing trials but is slightly higher due to 
the higher digestibilities obtained on the inside trials. In all grazing trials 
the digestible protein intake was more than adequate. In trials 1 and 3 the 
TDN intake was 130% and 107%, respectively, of the recommended allow- 
ance for normal growth of these steers, while in trials 2 and 4, the TDN 
intake was 90% and 98%, respectively, of the recommended allowance for 
normal growth. 

Table 6 shows, for lambs, the same data as does Table 5 for steers. It 
should be pointed out that in the last ladino trial, collections were stopped 
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Figure 2. Digestibility of four forages by lambs. 
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TABLE 5. DIGESTIBLE NUTRIENTS (%) IN BLUEGRASS AND AVERAGE DAILY 
DIGESTIBLE NUTRIENT INTAKE (lb.) BY GRAZING STEERS 

















Nutrients Intake 
aie tages | ~ hae 
Digestible | — Digestible 
protein! | TDN! | protein TDN 
I | 14.6 | 80.4 | 2.17 | 12.0 
2 | 11.8 70.6 1.65 | 9.9 
3 | 9.0 67.4 1.10 | 8.1 
4 7.2 | 66.8 -96 | 8.9 





1 Moisture-free basis. 


after six days because of scarcity of feed. The bluegrass trial was conducted 
on very coarse pasture. The orchard grass and fescue trials 4 were conducted 
on coarse pasture and although there was a sufficient amount of fescue 
available, the lambs definitely did not care for it. In these latter two trials, 
7o-pound spring lambs were used, while yearlings weighing from go-110 
pounds were used in the remaining trials. In three instances, the digestible 
protein intake was definitely below the recommended allowance for fatten- 
ing lambs, while in four instances the TDN intake was definitely deficient 
by the same standard. 

A statistical study of the daily dry matter excretion by the steers was 
made with the expectation that the outside animals would show more 


TABLE 6. DIGESTIBLE NUTRIENTS (%) IN FORAGES AND AVERAGE DAILY 
DIGESTIBLE NUTRIENT INTAKE (lb.) BY GRAZING WETHERS 
































| Nutrients | Intake 
Trial pres ae 
| Digestible F | Digestible 

protein! TDN | protein TDN 
Ladino: 2 22.8 | 80.5 .70 2.49 
3 25.6 77-4 | .70 2.10 
Fescue: 1 11.1 76.9 | 33, 2.32 
3 9.1 | 63.7 | 19 £35 
4 6.5 56.0 | .06 -59 
Orchard Grass: 1 | 10.6 77.2 | .33 2.44 
3 8.2 67.3 24 1.96 
gtus 6.3 | 58.6 | 12 1.12 
Bluegrass: 2 | 6.7 53-4 | .12 | QI 





1 Moisture-free basis. 
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variability in this function than the inside ones. In the first four inside trials 
it was found that the average coefficient of variation of daily dry matter 
output was 13.1 percent+3.7 percent, while for the concurrent outside 
trials the average coefficient of variation was 10.9 percent + 3.7 percent. 
These coefficients are not statistically different. It is our opinion that the 
equal variation in these two groups is not an indication that the outside 
animals consumed feed at as constant a rate as did the inside ones, but that 
the variable daily intake of the former group was not reflected by a greater 
variability in daily fecal excretion because of three existent factors that 
would tend to equalize the daily elimination by the outside animals. These 
factors are (1) the outside animals consumed more dry matter than did the 
inside ones, (2) the outside animals drank much more water, and the feces 
were more moist, than were the feces from the inside steers, and (3) the out- 
side animals were in a more normal environment and had more exercise than 
the inside ones. 

Although the data in figures 1 and 2 have been assumed to indicate a 
straight-line relationship between lignin content and dry matter digesti- 
bility, it must be realized that such a relationship cannot be assumed beyond 
the limits of the actual experimental values, nor for forages other than those 
tested. Before regression equations to be used in the prediction of digesti- 
bility based on the lignin content of the forage may be established, sufficient 
data for the forage in question must be obtained under a variety of condi- 
tions in trials with the species of animal to which the data are to be applied. 
The authors are of the opinion, that, with the accumulation of more data 
practical regression equations may be established for predicting nutritive 
value of growing pasture forages from the lignin content alone. Perhaps in 
the case of dried forages, protein and cellulose must also be taken into ac- 
count since the data available at this time indicate that dried forages with 
widely varying lignin content will be digested with more or less the same 
degree of efficiency. Also, it may be calculated from the recent publication 
by Swift et al. (1947) that the greatest variations in digestibility were ob- 
tained with rations of varying lignin content, but variation of the proportion 
of fat, protein, and readily digestible carbohydrate influenced digestibility 
to a lesser degree. 

Although the recovery in the feces of the lignin fed in the bluegrass dur- 
ing the steer digestion trials showed more variability than was hoped, it is 
considered that the lignin ratio technique is sufficiently more accurate than 
previously existing methods of determining feed intake and digestibility 
of feed by grazing animals to make it the method of choice. Further evidence 
is needed before it can be said with certainty that the method is applicable 
to sheep on growing forage, although the method has been proven defi- 
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nitely by previous work for sheep on dried forages and mixed feeds. The 
lignin determination is an empirical one, and since lignin itself varies in its 
chemical nature, it is well to establish the validity of the method with each 
animal under investigation and on a variety of forages. 


Summary 

An application of the lignin ratio technique to the study of digestibility 
of pasture forages by steers and wethers has been made. In a series of seven 
digestion trials with steers, the average recovery of lignin was found to be 
102 +7 percent. Dry matter intake, digestible protein and total digestible 
nutrient intake have been calculated by the lignin ratio method in a series 
of four grazing trials with steers on bluegrass and a total of nine grazing 
trials with wethers on bluegrass, orchard grass, Kentucky 31 fescue, and 
ladino clover. Dry matter digestibility and total digestible nutrient content 
of the various forages were found to vary inversely with the lignin content 
of the forage. 
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NEWS AND NOTES 


The Fortieth Annual Meeting of the American Society of Animal Production will be 
held at the Hotel Sherman in Chicago, Illinois, on November 26 and 27, 1948, with a dinner 
for the Honor Guest on November 28. Members planning to present papers are reminded 
that titles must be in the hands of the Secretary, Dr. H. M. Briggs, Animal Husbandry De- 
partment, Oklahoma A & M College, Stillwater, Oklahoma, by August 20, and abstracts 
by September 10. No papers will be placed on the program for which there are no abstracts, 
and abstracts can be no longer than 250 words. 


Ralph W. Phillips travelled in Europe during June and July on behalf of the Food & Agri- 
culture Organization of the United Nations, in addition to official visits in Eire, Great Britain, 
Italy, Switzerland, Norway and Denmark, he attended the Congress on the Physiopathology 
of Animal Reproduction at Milan, June 23-30, and the Eighth International Congress of 
Genetics at Stockholm, July 7-14. 


Banner Bill Morgan of the University of Wisconsin, and H. E. Kingman of the Wyoming 
Hereford Ranch attended the Congress on the Physiopathology of Animal Reproduction at 
Milan, June 23-30. 


H. E. Kingman of the Wyoming Hereford Ranch, J. L. Lush of Iowa State College, A. B. 
Chapman of the University of Wisconsin, G. E. Dickerson of the University of Missouri, and 
A. O. Rhoad of the Inter-American Institute of Agricultural Sciences, were among the mem, 
bers of the Society who attended the Eighth International Congress of Genetics in Stockholm 


A. D. Weber, head of the Animal Husbandry Department, Kansas State College, has been 
named assistant director of the Kansas Agricultural Experiment Station. He will also continue 
to serve as head of the Animal Husbandry Department. 


Clifford J. Fawcett, who re:ired about one year ago as extension animal husbandman 
after 26 years service with the University of Massachusetts and is now residing in Tuceon, 
Arizona, had the rank of Emeritus Professor bestowed upon him by the Board of Trustees, 
University of Massachusetts, in June, 1947. 


The Department of Animal Industry at the Ohio State Experiment Station has been sep- 
arated into three divisions, namely: Poultry Science, with E. L. Dakan as chairman; Veterinary 
Science, with B. H. Edington as chairman; and Animal Science, with R. M. Bethke as chair- 
man. 


Leon J. Cole, long time staff member, University of Wisconsin, and one time Chief of the 
Animal Husbandry Division, U. $. Department of Agriculture, died February 17, 1948. 


Ura} G. Bee, who has been in Animal Husbandry Extension work at the University of 
Maryland, recently resigned to go with a private firm in Baltimore, Maryland. 


G. R. Carlisle will become full time assistant to Harry G. Russell in the Agriculture 
Extension Service, University of Illinois, on July 1. 


Lester M. Dalton, who has been serving as animal husbandry specialist in the Virginia- 
Extension Service, now has charge of the new R&MA cooperative project between the 
Virginia Polytechnic Institute and the U. S. Department of Agriculture on livestock mar- 
keting. 

Milton P. Jarnagan, long time head of the Animal Husbandry Department, University of 
Georgia, is now the livestock advisor to the Board of Regents, University System of Georgia. 


Alex McDonald, for many years herdsman at the University of California and recently re- 
tired, has taken up part time employment as field man for the American Hereford Association: 
with headquarters at Davis, California. 
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Paul E. Howe, after extended military service, has returned to the Animal Husbandry Di- 
vision, Bureau of Animal Industry, Agricultural Research Center, Beltsville, Maryland. 


A. T. Edinger, after service with the OPA, has returned to the Department of Agriculture 
with the P&MA on a project having to do with the pre-packaging of meats. 


The Statistical Laboratory of Alabama Polytechnic Institute, Auburn, Alabama, has re- 
ceived a grant-in-aid from the General Education Board with which to hold a regional con- 
ference on applied statistics. The conference has been scheduled for September 7-9 and will 
include programs allocated to papers on the application of statistical methodology to research 
in the social sciences, plant sciences, and animal sciences. Statisticians appearing on the pro- 
gram include: George W. Snedecor, Gertrude M. Cox, Earl Housman, Boyd Harshbarger, R. L. 
Anderson, H. L. Lucas, J. A. Rigney, and T. A. Bancroft. Brief research reports involving 
statistical methodology will also be presented by research workers drawn mainly from the 
Southeastern states. Participants from the animal sciences include: Aubrey B. Larsen, Charles 
S. Hobbs, H. M. Briggs, C. M. Kincaid, D. M. Seath, and Burch H. Schneider. 


The American Society of Range Management held its first annual meeting at Salt Lake 
City, January 30-31, 1948. The present officers are, Joseph F. Pechanec, U. S. Forest Serv- 
ice, Portland, Oregon, president; W. T. White, U. S. Soil Conservation Service, Portland, 
Oregon, vice-president; and Harold F. Heady, Range Management Department, A & M 
College, College Station, Texas, secretary-treasurer. The council members are: F. G. Renner, 
George Stewart, L. A. Stoddart, D. F. Costello, B. W. Allred and Vernon A. Young. The 
objectives of this new society have been stated as follows: (1) to foster advancement in the 
science and art of grazing land management; (2) to promote and support the maximum sus- 
tained use of forage and soil resources of the nation’s grazing land; (3) to stimulate discussion 
and understanding of practical range and pasture problems, and provide a medium for the 
exchange of ideas and facts among members and with allied workers; (4) to encourage the 
professional improvement of its members. Membership is open to all persons engaged in or 
interested in range or pasture management. 


E. A. Trowbridge, dean of agriculture and director of the Agricultural Experiment Sta- 
tion, University of Missouri, died on June 7, 1948. 


W. V. Lambert, administrator, Agricultural Research Administration, USDA, has resigned 
effective October 1, 1948, to become dean of agriculture and director of the Agricultural Ex- 
periment Station, University of Nebraska. 


R. E. Hunt, head of the animal husbandry department, Virginia Polytechnic Institute, has 
returned from Damascus, Syria, where he served for a year as livestock adviser to the Syrian 
Government. 


N. R. Ellis has been made an assistant chief of the Animal Husbandry Division, USDA, 
to fill the vacancy created by the transfer of William Jackson to the supertinencency of the 
Chinsegut Hill Sanctuary, Brooksville, Florida. 


W. R. Nesbit, extension animal husbandman in charge of sheep and goat activities, Texas 
Extension Service, resigned his position effective May 31, to go into private business at San 
Angelo, Texas. 


Ford C. Daugherty resigned his position as member of the animal husbandry staff, Uni- 
versity of Connecticut and became extension animal husbandman with the Colorado A & M 
College, June 1, 1948. 


George A. Bell, formerly on the staff of the University of California, the U. S. Remount 
Service and the Bureau of Animal Industry, USDA, died early in June. He had retired from 
duty with the University of California and was city judge at Davis, California, prior to his ill- 
ness. 
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C. L. Blackman, extension dairy husbandman at Ohio State University, returned in June 
from Colombia, South America, where he spent 18 months in education work. 


William Ljundahl, who was on the animal husbandry staff at the New Jersey College of 
Agriculture, resigned recently to become manager of a purebred beef cattle farm at Red Bank 
in the same state. 


“The History and Romance of the Horse” by Arthur Vernon, covers 45 million years of 
development of the horse. It is a complete history from the Dawn horse to the contemporary 
race horse, hunter, polo pony and show horse. It is also a history of breeds and strains, and 
includes a discussion of what we may expect in the horse of tomorrow. The story has been 
told in ten separate parts so that a reader may read about either a certain period or certain 
phases of the horse’s development in which he is particularly interested. The author has 
sought to make each of the several parts complete in itself, although they should be read 
consecutively for a more thorough acquaintance with the horse's history. The volume is 
interestingly illustrated and may be enjoyed by the layman as well-as by those who have 
acquired a special knowledge of horses. It was published by Dover Publications Inc., New 
York, N. Y., in 1946, and contains 525 pages. 

















